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The OU-3 Feasibility Study for Operable Unit-3 for the Hooker Ruco Site has been approved 
with the following changes: 

General Comments 

1) The text in the first paragraph of page 2 specifying OXY's belief that "that the 
downgradient edge of the VCM subplume is the maximum areal extent to which 
chemicals from the Hooker/Ruco Site may have migrated " is inappropriate and should be 
ignored. 

Specific comments: 

1 Figures 3.1 and 3.2: 

Figure 3.1, 4.1, 4.3, 4.5, 4.6, 4.7 and 4.8 of the FS have not accurately depicted TCE/PCE 
plume. 

2 Page 42, Enhanced Bioremediation, First Paragraph: 

Anaerobic bioremediation of chlorinated organics from 1,2 dichloroethylene (1,2-DCE) 
to vinyl chloride has not been demonstrated and appears to be a rate limiting step with 
respect to anaerobic respiration for the Long Island aquifer. This is based on groundwater 
analytical results. Therefore, the mature PCE and TCE plumes are being reduced by 
anaerobes (dehalorespirers) to 1,2-DCE, are apparently stopping there, in lieu of being 
converted to innocuous compounds, as the text suggests. However, the FS screens out 
anaerobic bioremediation later in the text. For the record, this letter serves to document 
this. 

3 Page 44, Enhanced Anaerobic Biodegradation. Effectiveness): 

Anaerobic rates are not necessarily an order of magnitude slower than aerobic rates and it 
is inappropriate to make statements made in the FS on page 44 such as "rates are an order 
of magnitude slower" without providing a definitive reference (which does not exist for 
this particular statement.) This problem can be eliminated by revising the 2""̂  and 3"' 
sentences of the new text to be read as following: 

"Once appropriate conditions are established, the degradation half-lives for 
anaerobic degradation are typically measured in weeks to months." 
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4) Page 107, Section 5.2.4.3, Long-termV4, 2"" sentence): 

In the parenthetical, TCE should be included with PCE. There is no reason to suspect that 
TCE will be affected by biosparging without addition of a cosubstrate. The meaning of 
the phrase "to a lesser degree" that was added with TCE is not clear, and the phrase is not • 
necessary, so it should be removed. This also applies to the bottom of page 104. 
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1.0 INTRODUCTION 

1.1 PURPOSE OF REPORT 

This Feasibility Study (FS) has been prepared by Conestoga-Rovers & Associates (CRA) 

on behalf of Occidental Chemical Corporation (OxyChem) and Glenn Springs Holdings 

Inc. (GSHI), to address the vinyl chloride monomer (VCM) groundwater subplume in 

the area of well MW-52, located south of the Hooker Chemical/Ruco Polymer 

Superfund Site (Hooker/Ruco Site), in Hicksville, New York. The Hooker/Ruco Site 

location is shown on Figure 1.1. OxyChem is a Potentially Responsible Party (PRP) for 

the Hooker/Ruco Site. 

The regional groundwater aquifer in the area of the VCM subplume contains chemicals 

from three contingent sites, the Hooker/Ruco Site, the Northrop Grumman Aerospace 

Corporation (Northrop) Site, and the Naval Weapons Industrial Reserve Plant (Navy). 

Previous investigations by OxyChem, Northrop and the Navy have identified a volatile 

organic compound (VOC) plume in the regional groundwater which contains chemicals 

attributable to the three sites, as well as other sources upgradient of the three sites. In 

addition, recently obtained groundwater results from Nassau County show extensive 

PCE and TCE presence west of the HicksviUe wells indicating other unknown sources 

for PCE and TCE to the regional aquifer. The chemicals from the various sources have 

intermingled to varying degrees. Within the regional VOC plume, a VCM subplume has 

been identified in the area of monitoring well nest MW-52, which is located in the 

northwest portion of the regional VOC plume. The area in the vicinity of the VCM 

presence has been designated as Operable Unit - 3 (OU-3) for the Hooker/Ruco Site. 

OxyChem has performed a series of investigations to assist in defining the natvire and 

extent of chemical presence in the northwest portion of the VOC plume, as its 

contribution to the regional VOC plume remedy. 

The results of the OxyChem investigations are presented in the reports entitled: 

• Draft Remedial Investigation Report, Hooker/Ruco Site, April 1990 (Revised 

August 1992) (1992 RI Report); 

• Final Remedial Investigation Report, Operable Unit - 3, July 2000 (OU-3 RI Report); 

• Groundwater Laboratory Treatability Study Report, Hooker Chemical/Ruco 

Polymers Superftmd Site", July 1999 (Treatability Study Report); and 

• Predesign Investigation Report for Operable Urut - 1, Hooker Chemical/Ruco 

Polymers Superfund Site, April 1999 (OU-1 Predesign Report). 
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The investigatioris showed that the VCM subplume is a small portion of the regional 

VOC plume, comprising only approximately 1.7 percent of the total VOC volume. In 

addition to completing the above investigations, OxyChem has been requested to 

complete this FS for the VCM subplume by the U.S. Environmental Protection Agency 

(EPA), as part of its ongoing contribution to the regional VOC plume remedy. 

A separate FS is being prepared by the Navy and Northrop, and reviewed by the New 

York State Departntent of Environmerital Conservation (NYSDEC) to address the 

regional VOC groundwater plume. A draft of the document entitled "Groundwater 

Feasibility Study, Gruman Aerospace - Bethpage, New York Site (#130003A) and Naval 

Weapons Industrial Reserve Plant, Bethpage, New York Site (#13000313)" (RGFS) dated 

February 25, 1999 has been prepared and a revised version submitted on December 17, 

1999. 

Northrop has implemented an interim remedial measure (IRM) to address the portion of 

the regional plume located upgradient of the southern boundary of the Northrop site. 

The portion of the VOC plume downgradient of the southern boundary of the Northrop 

site is addressed by bioremediation and treatment plants which have been constructed 

at the downgradient municipal wells. 

Computer simulations show that the Northrop IRM fully contains the VCM subplume. 

Thus, any remedial actions that would be implemented by OxyChem to address the 

VCM subplume as a separate entity would be an enhancement to an already effective 

remedy. 

1.2 OBJECTIVE AND SCOPE 

The objective of this FS is to develop, evaluate, and select potential remedial alternatives 

that can be implemented to protect human health and the environment from risks 

associated with the groundwater containing elevated VCM presence in the MW-52 well 

area as well as any other chemicals in the area that are attributable to the Hooker/Ruco 

Site. As discussed in the OU-3 RI Report, OxyChem believes that the downgradient 

edge of the VCM subplume is the maximum areal extent to which chernicals from the 

Hooker/Ruco Site may have migrated, although the EPA may not agree with this 

statement. None the less, for the purposes of this FS, reference to the VCM subplume is 

intended to include all of the chemicals within the VCM subplume that are attributed to 

the Hooker/Ruco Site. 
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This study is based, on the information collected by the Navy, Northrop and OxyChem 

field investigations. These investigations showed the chemical concentration levels and 

the extent of the plumes in the regional groundwater. The chemicals present were 

predominantly VOCs, and to a minor extent semi-volatile organic compounds (SVOCs) 

and inorganics. Implementation of a remedy that addresses the VOC presence in the 

groundwater will also address the SVOCs and inorganics. 

1.3 REPORT ORGANIZATION 

Section 2.0 presents historical information for the Hooker/Ruco Site as well as 

applicable regional data. Section 3.0 presents a discussion of the remedial action 

objectives including the preliminary remedial action goals, the general response actions, 

and a screening and selection of remedial technologies and process options. Section 4.0 

presents the development and screening of the alternatives. Alternatives are described 

in some detail based on conceptual designs of the remedial actions. Section 5.0 presents 

a detailed analysis and a comparison between alternatives using the National 

Contingency Plan (NCP) criteria. Section 6.0 presents the conclusions and 

recommendations of the FS. 

1.4 ACKNOWLEDGMENTS 

Certain sections of this FS were obtained from the report entitled "Regional 

Groundwater Feasibility Study" (RGFS). OxyChem and GSHI hereby express their 

gratitude to the Navy, Northrop, and Arcadis Geraghty & Miller for the use of this 

information. 
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2.0 HISTORICAL INFORMATION 

2.1 SITE DESCRIPTION 

The Hooker/Ruco Site is a 14-acre active poljmier manufacturing facility located in a 

heavily industrialized section of Hicksville, New York, as shown on Figure 1.1. The 

Hooker/Ruco Site is bounded immediately to the west and south by New South Road 

and the Long Island Railway, respectively. South Oyster Bay Road is located 

approximately 800 feet east of the Hooker/Ruco Site. A comprehensive site description 

including historical wastewater disposal practices, is provided in the OU-3 RI Report. 

2.2 SITE HISTORY 

The Hooker/Ruco Site was developed by Rubber Corporation of America, a small 

privately held company. Operations at the Hooker/Ruco Site began in 1945 and 

included natural rubber latex storage, concentrating, and compounding. Five years 

later, the plant began producing small volumes of plasticizers. These activities were 

expanded and modified through the years. In 1956, a polyvinyl chloride (PVC) plant 

was built, and was initially operated imder the name Insular Chemical Corporation. 

The plant continued in operation lintil 1975. Hooker Chemical Corporation purchased 

Rubber Corporation of America in 1965, and operated the facility as the Ruco Division. 

Hooker has undergone several name changes, with the current name being OxyChem. 

The facility was sold to Ruco employees in February 1982. Thus, OxyChem or the 

Rubber Corporation of America owned and operated the Site between 1945 and 1982. 

After 1982, the Hooker/Ruco Site was operated by a privately held corporation xmder 

the name Ruco Chemical Corporation, which is not affiliated with OxyChem. In 1998, 

the name changed to Ruco Polymers, a subsidiary of Sybron Chemicals, Inc. Although 

OxyChem did not lease any portion of the Hooker/Ruco Site to third parties, there was 

an office building for the plant, which was housed in a leased building north of the 

Hooker/Ruco Site. 

2.3 SITE OPERATIONS 

Over the life span of the plant, various processes have been employed including the 

manufacturing of polyesters, pol5mrethanes, and specialty plasticizers. PVC was 

produced at the Hooker/Ruco Site from 1956 until 1975. In 1956, a partnership was 

formed with Ross & Roberts of Stratford, Connecticut to construct and operate a PVC 

production facility at the Site. This venture was known as Insular Chemical 
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Corporation. Insular was later dissolved when Rubber Corporation of America 

purchased its partner's share. Today, no distinction is made between the property 

which was under the control of Insular, and the property which was owned by Rubber 

Corporation of America. The Hooker/Ruco Site encompasses all of this property. 

Through the years in which OxyChem operated the facility, various processes were 

employed including the manufacture of polyesters, polyurethanes, and specialty 

plasticizers. Other products included vinyl film, vinyl sheeting, solution polyurethanes, 

poljoirethane latexes, and dry blends, and pelletized plastic compounds. A pilot plant 

produced polyester, plasticizer, and polyurethane products, and the laboratory was 

utilized for organic chemical synthesis and technical service. 

During the 1950s and 1960s, the Hooker/Ruco Site utilized three production wells to 

provide water to the facility. These three industrial wells correspond to the NYSDEC 

well numbers 3450, 5368, and 5390. The pumped water was applied in various 

non-contact facility processes. The total pumpage of these wells ranged frorn 57 gpm to 

324 gpm during the 1950s and ranged from 16 gpm to 140 gpm in the 1960s. The wells 

were abandoned in 1970. The three wells did not exceed a depth of approximately 

150 feet below ground surface (bgs). The wells were shallow by comparison to the 

Northrop production wells which range in depth from 357 to 570 ft bgs. Recharge basin 

areas are located at the south end of the Hooker/Ruco Site. Stormwater runoff is 

directed to the basins, which have also received process water discharge. 

2.4 WASTEWATER DISPOSAL PRACTICES 

Wastewater from the facility was historically discharged to Sumps 1 through 6. 

Descriptions of historic wastewater disposal practices to the sumps are provided in the 

1992 RI Report. The investigative activities described in the 1992 RI Report showed that 

additional investigative activities were needed for Sumps 1 and 2. These activities were 

performed in December 1998 and January 1999, as part of the OU-1 predesign activities. 

Sump 3 has been remediated by a soil removal action. Sumps 4, 5, and 6 were identified 

as areas that did not require remediation. 

2.5 MUNICIPAL PUMPING CENTERS 

The municipal pumping centers for Hicksville, Levittown, Bethpage, and Plainview are 

located to the northwest, southwest, south and east, respectively, from the Hooker/Ruco 

Site. Due to the sigruficant an\ount of industrial pumpage occurring at the Northrop 
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site, the Plainview municipal pumping center is considered to be beyond the zone of 

hydraulic influence of the three sites. As a result, only the Hicksville, Levittown, and 

Bethpage pumping centers were considered in the OU-3 RI Report, and this report. 

Recently received grovmdwater results from Nassau Covmty show that large areas of the 

regional aquifer beyond the zone of hydraulic influence of the three sites is significantly 

impacted by PCE and TCE. The Nassau County data is presented in Appendix E which 

shows the areal extent of PCE and TCE presence in the general area of the Site. 

Stratigraphic logs for municipal wells for which analytical data were available are 

included in the OU-3 RI Report for the VCM presence in the vicinity of MW-52. 

Available pumpage records from 1970 to 1997 for these municipal wells were compared 

to the total Northrop pumpage over the same time period. The Northrop pumpage rates 

were significantly greater than the municipal pumpage rates. For the period from 1979 

to 1988, using available municipal pumping rates, the Northrop rates ranged from 1.4 to 

2.8 times greater than all the Hicksville, Levittown and Bethpage wells combined. 

The natural groimdwater flow direction in the Bethpage regional aquifer is from north 

to south. Pumping of the Northrop production wells would have reinforced (increased) 

the natural north to south hydraulic gradient from the Hooker/Ruco Site and the 

northern portions of the Northrop and Navy sites, thereby drawing chemicals from 

these areas to the Northrop production wells keeping the chemicals on the Northrop 

and Navy sites. Therefore, the chemicals in groundwater underl5dng and south of the 

Hooker/Ruco Site and northern portioris of the Northrop and Navy sites would have 

principally migrated from north to south, thereby preventing extensive lateral migration 

to the west (toward the Hicksville wells) and to the east from the area of the three sites. 

This is expected because: 

i) the Hicksville wells are located 1,800 feet upgradient/cross-gradient of the 

Hooker/Ruco Site; 

ii) the Levittown wells are located 2,800 feet cross-gradient of the natural flowpath 

from the Hooker/Ruco Site; 

iii) the Northrop wells are located 1,200 feet (GP-14) to 1,500 feet (GP-16) directly 

downgradient of the Hooker/Ruco Site; 

iv) the pumpage fronv the Northrop production wells was larger than the pumpage 

from the Hicksville wells; and 

v) the pumpage of the three former Hooker/Ruco production wells from the 1950s 

to 1970 would have partially controlled the vertical and horizontal spread of 

groundwater partially impacted by chemicals from the Hooker/Ruco Site. 
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2.6 HYDROGEOLOGIC SETTING 

The subsurface conditions beneath the area generally consist of a shallow Upper Glacial 

aquifer and a deeper Magothy aquifer. The Upper Glacial aquifer consists of glacial 

outwash sand and gravel deposits that range in thickness from approximately 30 feet to 

75 feet. The Magothy aquifer consists of a heterogeneous deposit of sand and gravel 

interbedded with discontinuous lenses of silty to solid clay. The Magothy aquifer is 

approximately 600 feet to 650 feet in thickness. A 175-foot thick clay deposit underlies 

the Magothy aquifer and is considered to represent the lower impermeable boundary of 

the groundwater flow system. Within the Hooker/Ruco Site vicinity, the Magothy 

aquifer is the primary source of water for municipal and industrial usage. 

Groundwater flow in the Upper Glacial and Magothy aquifers in the vicinity of the three 

sites generally occurs from north to south. The aquifers are sustained primarily by 

precipitation recharge and by stormwater runoff and industrial water discharge to 

recharge basins or sumps. Downward vertical gradients from the Upper Glacial aquifer 

to the Magothy aquifer are predominant over upward vertical gradients. Groundwater 

flow directions are influenced significantly by the localized effects of mimicipal and 

industrial punvping centers and recharge basins. 

A detailed description of the regional and Site-specific hydrogeology is provided in 

Section 4.0 of the OU3 RI Report. 

2.7 PREVIOUS INVESTIGATIONS 

Several environmental investigations have been conducted at the Hooker/Ruco Site 

since 1978. Originally, efforts were directed toward understanding past manufacturing 

processes, waste generation, and waste disposal. A site background report was 

prepared in July 1981 and presented the Hooker/Ruco Site in the context of its 

surroimdings and examined waste disposal, regional geology and hydrogeology, 

regional groundwater withdrawals, and groundwater quality. 

At that time, the NYSDEC was the lead government agency. A work plan for 

conducting a soils and groundwater investigation was submitted to the NYSDEC in 

April 1983. By June 21, 1983, the plaii had ' been approved and the investigation 

commenced. The investigation consisted of the drilling and installation of six well 

clusters at locations downgradient of suspected areas of waste disposal, cind the drilling 
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and sampUng of two deep test borings in formierly operating sumps. The results of this 

study were presented in a report entitled "Report of Groundwater & SoUs Investigation 

at the Former Ruco Division Plant Site, Hicksville, New York", dated August 1984. 

In July 1987, EPA sent OxyChem a request for information on the Hooker/Ruco Site. A 

resporise to the EPA request for information was submitted in September 1988. 

OxyChem entered into an Administrative Order on Consent with EPA in 

September 1988. Subsequently, a Field Operations Plan, based on an EPA Work Plan, 

was submitted for EPA review in October 1988. 

Between September 1989 and March 1990, a RI was conducted at the Hooker/Ruco Site. 

The investigation included a soil-vapor study, electromagnetic terrain conductivity 

survey, recharge basin (sump) water and sediment sampling, shallow and deep soil 

sampling and groundwater sampling. A total of 134 soil samples were collected from 

50 borings for analysis of target compound list (TCL) parameters and tentatively 

identified compounds (TICs). Eight deep wells and 14 shallow wells were installed on 

and off site to complement the existing 12 on-site wells. Two off-site piezometers were 

installed to help define the groundwater flow pattern. Thirty-nine new and existing 

wells were sampled and analyzed for TCL/TIC parameters. 

The risks for exposure to groundwater at the Hooker/Ruco Site boundary were 

calculated in the report entitled "Revised Final Risk Assessment and Fate and Transport 

Report, Operable Unit 1" (RA Report) dated October 1992. 

The calculated risks showed that for current residents, the carcinogenic and 

non-carcinogenic risks were below levels of concern and that for future cor\struction 

workers (e.g., for remedial action) and trespass children, the risks were within or below 

the levels of concern (i.e., 10-̂  to 10-̂  for carcinogenic risk and Hazard Index <1 for 

non-carcinogeruc risk). 

The calculated risks listed in Table 2.1 for future residents show that the majority of the 

carcinogenic risk (65 to 99 percent) can be attributed to potential exposure to VCM. It is 

reasonable to assume that if the risk attributable to VCM is controlled, the risks 

contributed by the other chemicals of concern (e.g., tetrachloroethene (PCE)) would also 

be controlled. 

The risks listed in Table 2.1 were calculated using reasonable maximum exposure (RME) 

assumptioris and the 95% Upper Confidence Limit (UCL) VCM concentration of 

68.5 |xg/L. The UCL concentration was calculated using the data base presented in the 

1992 RI Report which had a maximum VCM concentration of 560 ^lg/L. Groundwater 
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sampling and analysis performed as part of the Phase I and Phase II Beyond Ruco 

Property investigations since preparation of the 1992 RI and the RA Report have shown 

higher concentrations of VCM (up to 6400 |J.g/L) at well nest MW-52. These results 

confirm that the potential threat calculated in the RA Report is sufficient to show that a 

remedial action is necessary for the groundwater because of the VCM presence. 

2.8 SUMMARY 

Groundwater pumpage rates and periods of pumping throughout the area of the three 

sites have been highly variable. Also, the locatioris at which pumping and recharge 

have occurred have changed with time. These changes have significantly affected local 

groundwater flow directions and the corresponding grovmdwater chemical migration 

pathways. The groundwater pumping for 1970 to 1997 shows that the total pumpage 

from Northrop production wells (generally in the range of 4,200 to 6,200 gpm except for 

1995 (7,411 gpm) and 1997 (3,132 gpm)) for the same time period is significantly greater 

than the mvmidpal pvimpage rates (generally in the range of 1,800 to 4,000 gpm except 

for 1986 (7176 gpm), 1989 (1,573 gpm) and 1992 (1,590 gpm)). Therefore, it is expected 

that pumping of the Northrop production wells would have reinforced (increased) the 

natural north to south hydravdic gradient in the Bethpage regional aquifer, thereby 

drawing chemicals in grovmdwater toward Northrop production wells rather than 

allowing chemical migration to the municipal wells, which are located upgradient or 

cross-gradient. Thus, extensive lateral migration to the west (toward the Hicksville 

wells) and to the east from the sites is not expected to have occurred. 

This report focuses on remediation of OU-3, which includes chemical loading from the 

OU-1 grovmdwater. An evaluation of the mass loadings from the OU-1 grovmdwater to 

the OU-3 groundwater was performed to determine the potential effect on the remedial 

alternatives. The estimates of current mass flux of VCM, PCE, trichloroethene (TCE) and 

TICs from OU-1 to OU-3 were estimated to be on the order of 0.156, 0.038, 0.053, and 

0.301 pounds per day, respectively. It is understood that these fluxes are a measure of. 

the amount of chemicals leaving the Site today and are considerably smaller than the 

historical chemical fluxes. It is also understood that these current flux values are small 

compared to the volume of the chemicals known to be present in the off-Site OU-3 area. 

Consequently, for the purposes of this FS, they arenot considered as a separate item 

during the discussion of remedial alternatives in the following sections. Supporting 

calculations for these loading estimates are presented in Appendix C. It is also expected 

that these flux values have been steadily declining over the past years and will continue 

to decline in the future because untreated process discharges to the on-Site sumps 

stopped over 22 years ago (i.e., by 1978). 
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3.0 IDENTIHCATION AND SCREENING OF TECHNOLOGIES 

3.1 INTRODUCTION 

This section discusses the remedial action objectives, general response actions, and 

screening/selection of remedial technologies. Remedial action objectives are developed 

to provide a focus for the development of response actions and remedial action 

alternatives. The screening of remedial technologies consists of preliminary and final 

levels of evaluation, followed by the selection of representative process options. 

3.2 REMEDIAL ACTION OBTECTIVES 

Remedial action objectives (RAOs) form the basis of the FS and are based on the elevated 

VCM groundwater presence, the affected environmental media, the pathways of 

exposure to potential receptors, and cleanup goals or acceptable VCM concentrations. 

Based on an analysis of these factors, cleanup objectives are determined. 

3.2.1 MEDIA OF CONCERN 

The Hooker/Ruco Site is a 14 acre site whereas the Northrop/Navy sites were on the 

order of 500 acres. The focus of this study is on the VCM groundwater subplume, which 

comprises a small part of the existing regional VOC plume, and is primarily located in 

the area of well nest MW-52. The primary chemicals in the groundwater in the region of 

the three sites are VOCs primarily TCE, PCE and VCM. The secondary contaminants 

are SVOCs and inorganics as follows: 

i) Navy: SVOCs including bis[2-ethylhexyl]phthalate, di-n-butylphthalate, 

di-n-octylphthalate, 2-methylphenol, 4-methylphenol; 2,4-dimethylphenol, 

naphthalene, acenaphthylene, fluoranthene, benzo[b]fluoranthene, and pyrene; 

inorganics including cadmium, chromium, and thallium, and TICs including 

polyaromatic hydrocarboris [PAHs], substituted ber\zenes, alkanes, substituted 

phenols, and carboxylic acids; 

ii) Northrop: inorganics including arsenic, cadmium, and chromium; and 

iii) Hooker/Ruco: TICs including glycols, diols, and acids. 

The concentration levels and extent of the regional VOC plume are predominant when 

compared to the low concentrations and infrequent detectiorvs of SVOCs, metals, and 

TICs. This report focuses on the VCM subplume. The remainder of the regional VOC 
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plvune has been fvUly addressed by the FS prepared by the Navy and Northrop, 

However, the impact of the Northrop IRM on each VCM subplimie remedial action 

alternative is also included in this report. 

3.2.2 PATHWAYS OF EXPOSURE 

The downgradient areas are a major source of drinking water to the Bethpage Water 

District (BWD). Exposure to human receptors is possible via ingestion, inhalation, or 

dermal contact with groundwater. However, the particle tiacking computer simvilations 

presented in the OU-3 RI showed that the Northrop IRM provides containment for the 

entire regional grovmdwater VOC plume, which includes the groundwater vinderlying 

the Hooker/Ruco Site and the VCM subplume located in the area of well MW-52. The 

one exception to this, is that portion of the VOC plvmie which had migrated south of the 

Northrop recharge ponds located along the southern boundary of the Northrop site 

prior to initiation of pumping for the Northrop IRM. In order to protect the public from 

the chemical presence in this portion of the regional VOC plume, treatment units are 

currently in place on the impacted municipal wells. Thus, the municipal water users are 

protected from potential exposure to the regional VOC plume, including the VCM 

subplume in the MW-52 area. The allowable concentrations of chemicals in drinking 

water that should not be exceeded to minimize health risks via these exposure routes are 

discussed in the following section under contaminant-specific application or relevant 

and appropriate requirements (ARARs) and to be considered (TBC) criteria. 

3.2.3 APPLICABLE OR RELEVANT AND 
APPROPRIATE REQUIREMENTS (ARARs) 

The requirements of applicable federal and state statutes were considered in developing 

preliminary remedial action goals. Tables 3.1 and 3.2 present a summary of federal and 

New York State ARARs for the VCM in the MW-52 area, respectively. These ARARs 

may be refined and revised further, if necessary, as the FS proceeds. In developing and 

selecting remedial alternatives, the degree of public health or envirorvmental protection 

afforded by each remedy must be considered. Actions that attain or exceed ARARs are 

given primary consideration. 

The definition of ARARs is as follows: 

• any standard, requirement, criterion, or limitation under federal environmental law; 

and 
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• any promulgated standard, requirement, criterion, or limitation vmder a state 
environmental or facility siting law that is more stringent than the associated federal 
standard, requirement, criterion, or limitation. 

Definitions of the two types of ARARs, as well as other TBC criteria, are given below: 

• applicable requirements means those cleanup standards, standards of control, and 
other substantive envirorimental protection requirements, criteria, or limitations 
promulgated vmder federal or state law that directly and fully address a hazardous 
substance, pollutant, contaminant, remedial action, location, or other circumstance at 
the site; 

• relevant and appropriate requirements means those cleanup standards, standards of 
control, and other substantive environmental protection requirements, criteria, or 
limitations promulgated under federal or state law, while not "applicable", address 
problems or situatiorvs sufficiently similar (relevant) to those encovmtered at the site, 
that their use is well suited (appropriate) to the particular site; and 

• TBC criteria are non-promulgated, non-enforceable guidelines or criteria that may be 
useful for developing remedial action, or necessary for determining what is 
protective to human health and/or the enviroruhent. Examples of TBC criteria 
include EPA Drinking Water Health Advisories, Carcinogeruc Potency Factors, and 
Reference Doses. 

ARARs fall into three categories, based on the manner in which they are applied. The 
characterization of these categories is not exact, as many requirements are combinations 
of the three types of ARARs. These categories are as follows: 

• Chemical Specific: Health-risk-based numerical values or methodologies that 
establish concentiation or discharge limits for particular chemicals. Examples of 
chemical-specific ARARs include Maximum Contaminant Levels (MCLs) and Clean 
Water Act (CWA) water quality criteria. In this case the specific chemical is VCM. 
Chemical-specific ARARs govern the extent of a site cleanup; 

• Location Specific: Restrictions based on the concentration of hazardous substances 
or the conduct of activities in specific locations. These may restrict or preclude 
certain remedial actions or may apply only to certain portions of a site. Examples of 
location-specific ARARs include RCRA location requirements and floodplain 
management requirements. Location-specific ARARs pertain to special site features; 
and 
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Action Specific: Technology- or activity-based controls or restrictions on activities 

related to management of hazardous substances. Action-specific ARARs pertain to 

implementing a given remedy. 

3.2.3.1 CHEMICAL-SPECinC ARARs AND TBCs 

This section presents a summary of federal and state chemical-specific ARARs and TBC 

criteria. All ARARs and TBC criteria provide sorne medium-specific guidance on 

"acceptable" or "permissible" concentrations of chemicals. 

The Safe Drinking Water Act (SDWA) promulgated National Primary Drirvking Water 

Standard MCLs (40 CFR Part 141). MCLs are enforceable standards for chemicals in 

public drinking water supply systems. They consider not only health factors but also 

the economic and technical feasibility of removing a chemical from a water supply 

system. Secondary MCLs (40 CFR Part 143) are not enforceable but are intended as 

guidelines for chemicals that may adversely affect the aesthetic quality of drinking 

water, such as taste, odor, color, and appearance, and may deter public acceptance of 

drinking water provided by public water systems. 

The SDWA also established Maximum Contaminant Level Goals (MCLGs) for several 

organic and inorganic compoimds in drinking water. The NCP (40 CFR Part 

300.430(e)(2)(i)) states that MCLGs, if set at levels above zero, shall be attained by 

remedial actiorrs for groundwaters or surface waters that are current or potential sources 

of drinking water, where the MCLGs are relevant and appropriate vmder the 

circumstances of the release. If an MCLG is fovmd not to be relevant and appropriate, 

the corresponding MCL shall be achieved where relevant and appropriate to the 

circumstances of the release. For MCLGs that are set at zero, the MCL promulgated for 

that chemical under the SDWA shall be attained by the remedial actions. In cases 

involving multiple chemicals or pathways where attainment of chemical-specific ARARs 

will result in a cumulative cancer risk in excess of 10"̂ , criteria in paragraph (e)(2)(i)(A) 

of Section 300.430 (i.e., risk-based criteria) may be considered when determining the 

cleanup level to be attained. 

Table 3.3 provides Federal SDWA requirements (i.e., MCLs) that may be applicable to 

remedial actions involving groundwater. Drinking water standards will also be 

considered as discharge criteria for alternatives which include groundwater treatment. 

Reference Dose (RfD), as defined in the EPA Integrated Risk Information System (IRIS), 

is an estimate (with uncertainty sparming perhaps an order of magnitude) of a daily 
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exposvure to the human population (including sensitive subgroups) that is likely to be 

without an appreciable risk of deleterious effects during a lifetime. RfDs are developed 

for chronic and/or subchronic human exposure to hazardous chemicals and are based 

on the assumption that thresholds exist for certain toxic effects. The RfD is usually 

expressed as an acceptable dose (mg) per vmit body weight (kg) per unit time (day). The 

RfD is derived by dividing the no-observed-adverse effect level (NOAEL) or the 

lowest-observed-adverse effect level (LOAEL) by an uncertainty factor (UF) times a 

modifying factor (MF). The use of uncertainty factors and modifying factors is 

discussed in the EPA, Office of Research and Development (ORD) Health Effects 

Assessment Summary Tables, Fourtii Quarter FY 1989 [October 1989-ORD(RD-689)] 

(USEPA, 1989). 

Cancer Slope Factors (CSFs) are used for estimating the lifetime probability (assumed 

70-year lifespan) of human receptors contacting cancer as a result of exposure to known 

or suspected carcinogens. These factors are generally reported in vinits of kg-day/mg 

and are derived through an assvuned low dosage linear relationship and an 

extrapolation from high to low dose resporises determined from human or animal 

studies. Cancer risk and CSFs are nvost commonly estimated through the use of a 

linearized multistage mathematical extrapolation model applied to animal bioassay 

results. The value used in reporting the slope factor is the upper 95 percent corvfidence 

limit. 

EPA Health Advisories are nonenforceable guidelines (TBCs) developed by the EPA 

Office of Drinking Water for chemicals that may be intermittently encountered in public 

water supply systems. Health advisories are available for short-term, longer-term, and 

lifetime exposures for a 10 kg child and/or 70 kg adult. Health advisories may be 

pertinent for corrective actions involving grovmdwater, especially for chemicals that are 

not regulated vmder the SDWA. 

The Cleein Air Act (CAA) (42 USC 7401) consists of three programs or requirements that 

may be ARARs. National Ambient Air Quality Standards (NAAQs) (40 CFR Part 50), 

National Emissions Standards for Hazardous Air Pollutants (NESHAPs) (40 CFR 

Part 61), and NSPs (40 CFR Part 60). 

EPA requires the attainment and maintenance of primary and secondary NAAQs to 

protect public health and public welfare, respectively. NAAQs are available for six 

criteria pollutants (carbon monoxide, lead, rutrogen oxides, ozone, sulfur dioxide, and 

airborne particulates). These standards are not source specific but rather are national 

limitations on ambient air quality. The sources of the chemical and the routes of 

exposure were considered. However, the standards do not consider costs for 
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achievement or feasibility. States are responsible for assuring compliance with the 

NAAQs. Requirements in an EPA-approved State Implementation Plan (SIP) for the 

implementation, maintenance, and enforcement of NAAQs are potential ARARs. 

NESHAPs are emission standards for source types (i.e., industrial categories) that emit 

hazardous air pollutants, and include significant sovirces of beryllium, vinyl chloride, 

benzene, asbestos, wet dust particulates, and other hazardous substances. 

NSPs are established for new sources of air emissions to ensure that the new stationary 

sources minimize emissions. These standards are for categories of stationary sovirces 

that cause or contribute to air pollution that may endanger public healtii or welfare. 

Standards are based upon the best-demonstrated technology (BDT). NSPs may be 

relevant and appropriate if the pollutant(s) emitted (e.g., from^ an air stripping tower) 

and the technology employed during the cleanup action are sufficiently similar to the 

pollutant and source category regvilated by NSPSs and are well suited to the 

circumstances at the site. 

The Hooker/Ruco Site is located within the New York City Metropolitan Area which is 

a non-attainment area for ozone. Therefore, emission of photochemical oxidants 

(ozone-forming VOCs) are regulated. 

New York Ambient Air Quality Standards (6 NYCRR Parts 256 and 257) provides fovu' 

general classifications of social and econoinic development and resvilting pollution 

potential upon which standards are based. In addition air quality standards are 

established to provide protection from adverse health effects of air contamination and to 

protect and conserve natiiral resources and the environment. Part 256 provides the air 

quality classification standards. The Hooker/Ruco Site is likely classified as Level HI or 

Level IV according to Part 256. Part 257 provides natural air quality standards for 

regulated chemicals, which includes sulfur dioxide, particulates, carbon monoxide, 

photochemical oxidants, nonmethane hydrocarborw, nitrogen dioxide, fluorides, 

beryllium, and hydrogen sulfide. Hourly average concentrations of photochemical 

oxidants and non-methane hydrocarbons are limited to 0.08 ppm and 0.24 ppm, 

respectively. These are potentially applicable to emissions from groundwater 

remediation at the site under consideration. 

New York Water Classificatiorvs and Quality Standards (6 NYCRR Parts 609, 700 to 705) 

regulates reclassification of water based on use and value, including protection and 

propagation of fish, shellfish and wildlife, recreation in and on the water, public water 

supplies, and agricultural, industrial and other purposes including navigation. 

Additionally, the discharge of sewage, industrial waste, or other wastes is regulated so 
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as not to cause impairment of the best usages of the receiving water as specified by the 

water classifications at the location of discharge that nvay be affected by such discharge. 

Both quantitative standards as well as narrative water quality standards (turbidity, 

solids, oil, etc.) are provided (see Action-Spedfic ARARs for Groundwater Effluent 

Standards, which would be applicable for alternatives induding reinjection to the 

aquifer). 

Part 701 provides the classification of surface water and grovmdwater. Grovmdwater 

located south of the Hooker/Ruco Site would be classified as Class GA. The 

groundwater quality stcindard (Class GA) for VCM is 2 ]X^/L. 

New York Public Water Supply Regulatioris (10 NYCRR Part 5) provide reqviirements 

for state public water supplies. Table 3.3 provides standards applying to Hooker/Ruco 

Site compounds. Specific criteria are available (Subpart 5.1.5.2) for VCM. According to 

these standards, the MCL in public water systems shall be 5 |xg/L for a specific list of 

Principal Organic Contaminants (POCs) or 50 | ig/L for other unspecified organic 

contaminants (UOCs) with a total of 100 ^lg/L for POCs and UOCs. 

3.2.3.2 LOCATION-SPECIHC ARARs AND TBCs 

EPA's Groundwater Protection Strategy (EPA, 1984) policy is to protect groundwater for 

its highest present or potential beneficial use. This policy will be incorporated into 

future regulatory amendments. The stiategy designates three categories of 

groundwater: 

• Class I - Special Grovmdwaters: Waters that are highly vulnerable to contamination 

and are either irreplaceable or ecologically vital sources of drinking water; 

• Class II - Current and Potential Sources of Drinking Water and Waters Having Other 

Beneficial Uses: Waters that are currentiy used or that are potentially available; and 

• Class III - Groundwater Not a Potential Source of Drinking Water and of Limited 

Beneficial Use. Class HI groundwater units are further subdivided into two 

subclasses. 

Subclass IIIA includes grovmdwater vinits that are highly to intermediately 

interconnected to adjacent groundwater units of a higher class and/or surface waters. 

They may, as a result, be contributing to the degradation of the adjacent waters. They 

may be managed at a similar level as Class II grovmdwaters, depending upon the 

potential for producing adverse effects on the quality of adjacent waters. 
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Subclass niB is restricted to groundwater characterized by a low degree of 

intercormection to adjacent surface waters or other groundwater units of a higher class 

within the Classification Review Area. These groundwaters are naturally isolated from 

sources of drinking waters in such a way that there is little potential for producing 

adverse effects on quality. They have low resource values outside of mining or waste 

disposal. 

The CAA Prevention of Significant Deterioration (PSD) Standards (40 CFR Part 52.21) 

require new major stationary sovirces of air emissions to determine whether they are in 

NAAQs attainment areas or non-attainment areas. Depending on their status, the 

sources must meet pertinent PSD requirements (e.g., the lowest achievable emissions 

rate). These requirements may be relevant and appropriate for remedial actions. The 

Hooker/Ruco Site and the Northrop and Navy sites are in an NAAQs non-attainment 

area for ozone. 

3.2.3.3 ACTION-SPECinC ARARs AND TBCs 

RCRA Subtitle C regulates the treatment, storage, and disposal of hazardous waste from 

its generation vmtil its ultimate disposal. In general, RCRA Subtitle C requirements for 

the treatment, storage, or disposal of hazardous waste will be applicable if: 

• the waste is a listed or characteristic waste under RCRA; and 

• the waste was tieated, stored, or disposed of (as defined in 40 CFR Part 260.10) after 

the effective date of the R C R A requirements vmder consideration. 

One or more of the following requirements included in the RCRA Subtitie C regulations 

may pertain to wastes generated from groundwater tieatment at the Hooker/Ruco Site 

as well as the Northrop and Navy sites: 

• hazardous waste generator requirements (40 CFR Part 262); 

• transportation requirements (40 CFR Part 263); and 

• land disposal restrictions (40 CFR Part 268). 

A generator that treats, stores, or disposes of hazardous waste on site must comply with 

RCRA Standards Applicable to Generators of Hazardous Waste (40 CFR Part 262). 

These standards include manifest requirements, pre-transport requirements 

(i.e., packaging, labeling, placarding), record keeping, and reporting hazardous waste. 
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Standards Applicable to Transporters of Hazardous Waste (40 CFR Part 263) are 

applicable to off-site transportation of hazardous waste. These regulations include 

requirements for compliance with the manifest and record keeping systems and 

reqviirements for iinmediate action and cleanup of hazardous waste discharges (spills) 

during tiansportation. 

RCRA Land Disposal Resfaictions (LDR) Requirements (40 CFR Part 268) restrict certain 

wastes from being placed or disposed on the land unless they meet specific Best 

Demonstiated Available Technology (BDAT) tieatment standards (expressed as 

concentiations, total or in the Toxicity Characteristic Leaching Procedure (TCLP) extract, 

or as specified technologies). Removal and tieatment of a RCRA hazardous waste or 

movement of the waste outside of a Corrective Action Management Unit (CAMU), 

thereby constituting "placement," will trigger the LDR reqviirements. 

Placement of hazardous waste into undergrovmd injection wells constitutes "land 

disposal" under the LDRs. Furthermore, RCRA Section 3020(a) bans hazardous waste 

disposal by underground injection into or above an underground source of drinking 

water. RCRA Section 3020(b), however, exempts from the ban all reinjections of treated 

grovmdwater into such formations undertaken as part of a CERCLA Section 104 or 106 

response action, or a RCRA corrective action, if the following conditions are met: 

• the contaminated groundwater is tieated to substantially reduce hazardous 

constituents prior to such injection; and 

• the response action or corrective action is sufficient to protect human health and the 

environment upon completion. 

National Environmental Policy Act (NEPA) (42 USC 4321) (40 CFR Part 6) requires 

Federal agencies to evaluate the environmental impacts associated with major actions 

that they fund, support, permit, or implement. Specifically, NEPA requires federal 

agencies to consider five issues during the planning of rhajor actions: (1) the 

environmental impact of the proposed action; (2) any adverse impacts which cannot be 

avoided with the proposed implementation; (3) alternatives to the proposed action; 

(4) the relationship between short-term and long-term effects; and (5) any irreversible 

and irretiievable commitments of resources which would be involved in a proposed 

action. All of the listed items are addressed in the detailed evaluation of the FS report. 

Contiol of Air Emissiorvs from Superfund Air Strippers at Superfund Groundwater Sites 

(OSWER Directive 9355.0-28) is a TBC criterion that guides the contiol of air emissions 
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from air strippers at Superfund groundwater remediation sites. For sites located in 

areas that are not attaining the NAAQs for ozone, add-on emission contiols are required 

for an air stripper with an actual emission rate in excess of 3 poimds per hour or 

15 povmds per day, or a potential (i.e., calculated) rate of 10 tons per year of total VOCs. 

The guideline criteria may be potentially relevant and appropriate for other VOC 

sources. Generally the gviidelines described for air strippers are suitable for VOC air 

emissions from other vented extiaction techniques (e.g., soil vapor extraction) but not 

from area sources (e.g., soil excavation). Air stiipping and/or soil vapor extiaction may 

be included in the remedial activities under consideration at the Hooker/Ruco Site. The 

Hooker/Ruco Site is located in Nassau County which is a non-attainment area for 

ozone. 

General Pretieatment Regulations for Existing and New Sources of Pollutants (40 CFR 

Part 403) was promulgated vmder the CWA and includes provisions for effluent 

discharge to Publicly Owned Treatment Works (POTW). Discharge of pollutants that 

pass through or interfere with the POTW, contaminate sludge, or endanger 

health/safety of POTW workers is prohibited. These regulations should be used in 

conjunction with local POTW pretieatment program requirements. These regulations 

are potentially applicable if a groundwater discharge option is the local POTW. 

Underground Injection Contiol Program (40 CFR Parts 144 and 147) regulations were 

promulgated vmder the SDWA to ensure that operation of an undergrovmd injection will 

not endanger drinking water sources by violating MCLs or by adversely affecting 

health. The two types of wells which may apply to remedial activities at the sites are: 

• Class I well; injection of wastes (or tieated grovmdwater) beneath the lowermost 

formation containing an undergrovmd drinking water source; and 

• Class TV well; injection of wastes (or tieated groundwater) into or above an 

underground drirJdng water source. Note that injection of untieated groundwater 

into a Class TV well is banned. 

Class IV well standards may be relevant and appropriate for infiltiation basins. 

New York Environmental Conservation Law (ECL) (New York Consolidated Laws, 

Chapter 43-B) concerns the conservation, improvement and protection of state natural 

resources and environment and contiols water, land, and air pollution. 

The following requirements included in the ECL in particular may pertain to remedial 

activities at the sites under consideration: 
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• Article 19 - Air Pollution Contiol Act provides policy to maintain the quality of the 
air resovirces of the state. Regulations for implementing this act are provided in 
6 NYCRR Parts 200 to 257; 

• Article 27 - New York Solid and Hazardous Waste Management Laws addresses 
solid and hazardous waste management, including waste tiansport permits, solid 
waste management and resource recovery facilities, indvistrial hazardous waste 
management, siting of hazardous waste facilities, and inactive hazardous waste 
disposal sites; and 

• Article 70 - Uniform Procedures establishes uniform review procedvires for major 
regulatory programs of the NYSDEC and establishes time periods for NYSDEC 
action on permits vmder such programs. Procedures are provided for coordinating 
permitting for a project requiring one or more NYSDEC permit. 

New York Air Pollution Contiol Requisitions (6 NYCRR Parts 200 to 254) regulates 
emissions from specific sources. Part 212 General Process Emission Sources provides 
general requirements. The Hooker/Ruco Site is located in Nassau Covmty which is 
considered part of the New York City Metiopolitan Area according to Part 212.1. The 
degree of air cleaning required for the different chemical ratings are as follows. For the 
most stiingent rated chemicals (Rating A) emission rate potentials less than 1 Ib/hr 
degree of air cleaning required shall be specified by the state. For Ratings of B, C, or D; 
for emission rate potentials 3.5 Ib/hr or less; the degree of air cleaning required shall be 
specified by the state (Ratings B or C) or no cleaning is required (Rating D). For 
emission rate potentials greater than 3.5 Ib/hr, reasonably available contiol technology 
shall be used. Part 231 regulates new source review for air contamination source 
projects in non-attainment areas. To be applicable, annual emissions (within a 
non-attainment area) from the source must exceed the de minimis emission limits. For 
VOCs the de minimis emission limit is 40 tons per year and for particulates 25 tons per 
year. 

New York State Department of Environmental Conservation (6 NYCRR) Chapter IVB 
(solid wastes) regulations include hazardous waste generator, tiansporter, 
tieatment/storage/disposal, and other regulations pertaining to hazardous waste 
management. One or more other regulations are potentially applicable to wastes 
generated from groundwater remediation at the sites under consideration. 

New York Waste Transport Permit Regulations (6 NYCRR Part 364) governs the 
collection, tiansport, and delivery of regulated waste, originating or terminating at a 
location within the state. 
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New York General Hazardous Waste Management System Regulations (6 NYCRR 

Part 370) provides general definitions and sets forth state procedvires for making 

information available to the public, confidentiality, petitioning equivalent testing 

methods, and petitioning for exclusion of a waste from a particular fadlity. 

New York Identification and Listing of Hazardous Wastes Regulations (6 NYCRR 

Part 371) establishes procedures for identifying solid wastes subject to regvilation as 

hazardous wastes. 

New York Hazardous Waste Manifest System Regulations (6 NYCRR Part 372) 

establishes standards for hazardous waste generators; tiansporters; and tieatment, 

storage, or disposal facilities associated with the use of the manifest system and its 

record keeping requirements. 

New York Hazardous Waste Treatment, Storage and Disposal Facility Permitting 

Requirements (6 NYCRR Subpart 373-1) regulates hazardous waste management 

facilities located within the state. 

New York Final Status Standards for Owners and Operators of Hazardous Waste 

Treatment, Storage, and Disposal Facilities (6 NYCRR Subpart 373-2) establishes 

minimum state standards which define the acceptable management of hazardous waste. 

New York Interim Status Standards for Owners and Operators of Hazardous Waste 

Facilities (6 NYCRR Subpart 373-3) establishes minimum state standards which define 

the acceptable management of hazardous waste during the period of interim status and 

until certification of closure. 

New York Standards for Managing Specific Hazardous Wastes and Hazardous Waste 

Management Facilities (6 NYCRR Part 374) contains requirements for generators and 

tiansporters of hazardous waste and for owners and operators of facilities managing 

hazardous wastes. 

New York Land Disposal Restiictions Regulations (6 NYCRR Part 376) identifies 

hazardous wastes that are- restricted from land disposal and defines limited 

circumstances under which an otherwise prohibited waste may be land disposed. 

New York Rules on Hazardous Waste Program Fees (6 NYCRR Parts 483 and 484) 

addresses generator fees; tieatment, storage, or disposal facility fees; and waste 

tiansporter fees. 
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New York Water Classifications and Quality Standards (6 NYCRR Parts 609, 700 to 705) 

Parts 700 to 705 provide regulations for the discharge of sewage, industrial waste or 

other wastes so as not to cause impairment of the best usages of the receiving water as 

specified by the water classifications at the location of discharge that may be affected by 

such discharge. Part 703.6 provides Groundwater Effluent Standards. Standards for 

VCM and other compounds' are shown in Table 3.3. Grovmdwater may be reinjected to 

the aquifer and wovild at a minimum> need to comply with Grovmdwater Effluent 

Standards. The Hooker/Ruco Site is in Nassau County, so an additional requirement 

would be a maximum concentiation of 1,000 mg/L TDS and 10 mg /L total nitiogen 

(as N). 

New York Technical and Administiative Guidance Memorandum (TAGM) on 

"Contained-in" Criteria for Environmental Media (TAGM 3028) is a recentiy available 

guidance document applicable to soil, sediment, and groundwater contaminated by 

listed hazardous waste which has been removed from its natural environment. These 

criteria do not apply to listed or characteristic wastes as initially generated or residuals 

derived from tieating these listed hazardous wastes. This TAGM sets action levels for 

an environmental medium contaminated by listed hazardous waste which must be met 

in order to preclude its management as hazardous waste. These criteria are not deanup 

levels for contaminated environmental media, but allow these media to be tieated as 

nonhazardous wastes. Therefore, groundwater at the three sites may be treated to meet 

SPDES standards and discharged on site even if the groundwater is determined to 

contain listed hazardous constituents. Action levels for VCM in groundw^ater are 

presented in Table 3.3. 

Two other requirements are listed below which must be met during remedial action but 

which are not tiue ARARs. These are not envirorunental requirements and are not 

subject to potential ARAR waivers. 

Department of Transport (DOT) Rules for Hazardous Materials Transport (49 CFR 

Parts 107 and 171 to 179) regulate the transport of hazardous materials, including 

packaging, shipping equipment, and placarding. These rules are considered applicable 

to wastes shipped off site for laboratory analysis, tieatment, or disposal. 

OSHA Requirements (29 CFR Parts 1910, 1926, and 1904) regulates occupational safety 

and healthy reqviirements applicable to workers engaged in on-site field activities. 

I 
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3.2.4 REMEDIAL ACTION OBTECTIVES 

1. Protect human health from exposure (via ingestion, inhalation, and dermal 

contact) to VCM, TCE, PCE, and TICs in groundwater at concentiations in excess 

of New York State MCLs. 

2. Restore the aqviifer to meet New York State Groundwater Standards and New 

York State MCLs in a timely manner (30 years). If the aquifer cannot be restored 

to meet these standards, then, at a minimum, the remedial action objective is to 

minimize further rrugration of VCM, TCE, PCE, and TICs to prevent adverse 

impact on downgradient public and industrial users. 

3. Comply with ARARs, unless revised pursuant to an ARAR waiver. 

4. Comply with TBCs to the extent practicable. 

3.2.5 PRELIMINARY REMEDIAL ACTION GOALS 

The preliminary remedial action goals (PRGs) have been selected to be the most 

stiingent of the following three ARARs/TBCs: 

• Federal MCLs; 

• New York State MCLs; and 

• New York State Guidance (TOGs 1.1.1). 

The Northrop IRM contains the TVOC regional plume and is expected to require more 

than 30 years to achieve the above PRGs. This FS presents alternatives, which would 

enhance the performance of the Northrop IRM by addressing the VCM subplume with a 

supplemental system. The PRG numerical values are showm in Table 3.3. 

3.2.6 AMBIENT AIR QUALITY ARARs 

Selected VCM treatment methods must achieve ambient air qiiality ARARs. The 

applicable ARAR for VCM is the Air Guide 1 criteria of 0.02 ^ig/ms. ARARs for TCE 

and PCE are 0.45 fig/m^ and 1.2 fig/m^, respectively. The toxicity rating for these two 

parameters is moderate as compared to VCM which has a high toxicity rating. 

I 
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3.3 GENERAL RESPONSE ACTIONS 

This section presents generic outiines of actions that will be considered to address the 

RAOs for the VCM subplume in the regional groundwater. This section also provides 

an estimate of the extent of groundwater with elevated VCM presence. 

3.3.1 VOLUMES FOR TREATMENT 

The delineation of VOC and VCM-impacted groundwater was based on the following 

sources of groundwater quality information: 

i) groundwater plume maps developed as part of the Remedial Investigation (RI) 

Report (Geraghty & Miller 1994); 

ii) groundwater quality data collected from early warning outpost wells southeast 

of the Site; 

iii) Remedial Investigation Report Operable Unit - 3, Hooker Chemical/Ruco 

Polymers Superfund Site (CRA July, 2000); 

iv) groundwater quality data presented in the RI and Phase 2 RI Reports for the 

Naval Weapons Industiial Reserve Plant (Halliburton NUS 1992,1993); and 

v) a NYSDEC letter dated December 5, 1996 and accompanying figure that 

estimated "the western extent of the grovmdwater plume emanating from the 

Northrop Grumman, Navy, and RUCO sites". 

Based on these data, the regional VOC plume is approximately 11,300 feet long 

(north-south axis), by 9,600 feet wide (east-west axis) at its broadest point, by 

approximately 580 feet at its deepest point. The approximate horizontal extent of 

VOC-impacted groundwater in Model Layers 1 through 7 was presented previously in 

the report entitled "Regional Groundwater Feasibility Study", March 1998, and thus are 

not repeated here. 

The horizontal area of groundwater impacted by VOCs was computed for each of Model 

Layers 1 through 7 (VOCs are not present in Model Layer 8), and the area was 

multiplied by the model layer thickness to conapute the aquifer volume that is impiacted. 

The aquifer volume impacted by VOCs is approximately 33,600,000,000 cubic feet. 

Multiplying this volume by the aquifer porosity of 30 percent yields the volume of water 

(in cubic feet) impacted by VOCs, and mviltipl5dng this value by 7.48 gallons per cubic 

foot yields the volume of water, in gallons, impacted by VOCs. Therefore, the quantity 
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of groundwater contained within the impacted portion of the aquifer is approximately 

75 billion gallons. The Navy/Northrop FS addresses this overall plume. 

The area of grovmdwater impacted by VCM was similarly determined (i.e., same model 

layers, same porosity assumptions, etc.). The aquifer volume impacted by the VCM 

subplume is estimated to be 2,000 feet long (at its longest point), by 1,350 feet wide (at its 

widest point), by 430 feet deep, which equates to approximately 1.25 billion gallons. 

Typically, the removal of 10 or more pore volumes is needed to restore an aquifer to 

MCLs. Using a factor of 10, this is equal to 750 billion gallons of groundwater for the 

overall regional plume, and 12.5 billion gallons for the VCM subplume. The VCM 

subplume volume represents approximately 1.7 percent of the regional VOC plume. 

Northrop terminated pumping from nearby wells GP-11, GP-13 and GP-16 in 1998. This 

has eliminated the external forces that have been causing the VCM subplvime to migrate 

in an easterly direction. Thus, it is now expected that the VCM subplume will cease 

being pulled laterally from its preferred natural north-south pathway. With time, the 

VCM subplume would not be expected to grow any wider as it continues its pathway 

toward GP-1. The VCM subplume is shown in plan view on Figure 3.1 and in 

cross-section on Figure 3.2. The area of VCM presence shown on Figures 3.1 and 3.2 was 

determined based on analytical results from groundwater samples collected in April and 

May of 1996. 

3.3.2 GENERAL RESPONSE ACTIONS 

This generic outline of actions provides the framework for specific technologies and 

process options that must be considered in order to meet the remedial action objectives 

for the grovmdwater with elevated VCM concentiations. The following are the general 

response actions that are being considered for the VCM subplume in the MW-52 area: 

• No Further Action - Northrop IRM (No VCM tieatment); 

• Enhanced Northrop IRM (Supplemental VCM tieatment at IRM wells if necessary); 

• VCM Subplume Contairunent, Treatment, and Discharge for VCM Mass Reduction; 

• VCM Subplume Containment, Treatment, and Discharge to Achieve Groundwater 

ARARs; and 

• In Situ Treatment of the VCM Subplume by Biosparging /Chemical 

Oxidation/Enhanced Bioremediation. 

6883(18) 25 CoNESTOGA-RovERs & ASSOCIATES 

400078 



I 
3.4 IDENTIHCATION AND SCREENING OF 

TECHNOLOGIES AND PROCESS OPTIONS 

3.4.1 INITIAL SCREENING OF 
TECHNOLOGIES/PROCESS OPTIONS 

Preliminary screening of numerous technologies and process options for each of the 

above-noted response actions has previously been conducted. The RGFS examined 

various technologies and process options and thus, need not be repeated in this FS. A 

summary of the technologies and process options examined in the RGFS is svimmarized 

in Table 3.4. Numerous reports/memos have been prepared which allow for direct 

advancement to a more detailed screening of the response actions (i.e., the tieatment 

methods have already previously been evaluated). The alternative response action 

components are summarized below in Section 3.4.2. Any remedial action that is selected 

to address the VCM subplume will also address the TCE, PCE, and other grovmdwater 

contaminants commingled within the VCM subplvime. 

3.4.2 SUMMARY OF INITIAL SCREENING 
OF TECHNOLOGIES/PROCESS OPTIONS 

The following technologies/process options combine to form the remedial alternatives: 

General Response Action 

No Further Action 

Enhanced IRM 

Removal 

Disposal 

Treatment 

In Situ Treatment 

Technology 

Northrop IRM 

Northrop IRM 

Extiaction 

Beneficial Reuse 
Surface Discharge 

Physical 

Biological 

Chemical 

Process Option 

Nortiirop IRM 

Northrop IRM with 
Supplemental VCM Treatment 

Extiaction Wells 

Process Water/Potable Water 
Reinjection 

Filtiation/Volatilization/ 
Catalytic Oxidation 

Bioremediation/ 
Enhanced Bioremediation 

Biosparging 

Chemical Oxidation 

6883 (18) 

I 
26 CONESTOGA-ROVERS & ASSOCIATES 

4 0 0 0 7 9 



I 

I 

3.4.3 EVALUATION CRITERIA FOR DETAILED 
SCREENING OF TECHNOLOGIES 

The remedial technologies and process options presented above are discussed in more 

detail based on the criteria of effectiveness, implementability and cost. A brief 

description of each of the following criteria follows: 

• Effectiveness 

Protection of human health and envirorunent, reduction in toxicity, mobility, and 

volume; and permanence of solution. 

Ability of the technology to address the estimated areas or volumes of 

contaminated medium. 

Ability of the technology to meet the remediation goals identified in the remedial 

action objectives. 

Technical reliability (innovative versus well-proven) with respect to chemicals 

and site conditions. 

• Implementability 

Overall techrucal feasibility at the site. 

Availability of vendors, mobile units, storage and disposal services, etc. 

Administiative feasibility. 

Special long-term maintenance and operation requirements. 

• Cost (Qualitative) 

Capital cost. 

Operation and maintenance (O&M) costs. 

All of the items listed above may not apply directly to each technology and, therefore, 

will be addressed only as appropriate. Evaluations at this stage generally focus on 

effectiveness and implementability, with less emphasis on cost evaluations. At this 

stage, none of the technologies will be eliminated based on cost. Each technology 

presented in this section is not necessarily intended to be invplemented alone, as it may 

be combined with other technologies into remedial action alternatives. 

For each technology, one representative process will be selected to more effectively 

develop and evaluate alternatives without limiting flexibility dviring remedial design. 

The specific process actually used to implement the remedial action at a site may be 

selected during the remedial design phase or in the bid evaluation/selection of the 
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remedial action contractor, and may differ from the selected representative process 

option. 

3.4.4 DETAILED SCREENING OF 
TECHNOLOGIES AND PROCESS OPTIONS 

3.4.4.1 NO FURTHER ACTION - NORTHROP IRM 
(NO VCM TREATMENT) 

This scenario is considered to provide a baseline level to which other remedial 

technologies and alternatives can be compared. This option includes the fact that the 

Northrop IRM is already operating. This scenario consists of continued operation of the 

Northrop IRM system (expected to be required for more than 30 years) and would 

include VCM removal if and when the VCM grovmdwater subplume reaches the IRM 

extiaction system, however tieatment for VCM is not included. Treatment for VOCs at 

the existing impacted municipal wells would continue as is currently the case. 

Effectiveness. The no further action scenario would be effective in capturing the VCM 

subplume, however no active treatment would be provided until the VCM reaches the 

Northrop IRM System. Thus VCM concentiation reductions enroute would be limited 

to those provided by naturally occurring processes. Treatment would remain in place 

on all impacted wells to protect users. 

The absence of a treatment method for VCM at the Northrop IRM limits public and 

environment protectiveness. Long-term periodic grovmdwater monitoring would be 

required to assess the ability of the aquifer to naturally lower VCM concentiations 

through natural attenuative processes. Because groundwater with elevated VCM 

presence would remain on site, 5-year site reviews would be conducted to evaluate the 

VCM subplume conditions. 

Implementability. There are currently no operating considerations associated with the 

no action scenario as the Northrop IRM is already operating. 

Cost. Capital costs would be zero. The reliance of this alternative on the Northrop IRM 

for the tieatment of groundwater from the VCM subplvime will result in a minor 

contiibution by OxyChem toward the Northrop IRM cost of $56,000,000. However, the 

amount of this contiibution is indeterminate at this time. 
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Conclusion. This scenario is implementable, however it may not be effective if the VCM 

reaches the Northrop IRM system at concentiations above that system's cvirrently 

designed capability to address the VCM without supplemental tieatment to tieat the air 

discharge. 

3.4.4.2 ENHANCED NORTHROP IRM/ 
SUPPLEMENTAL VCM TREATMENT (IF NECESSARY) 

The enhanced Northrop IRM scenario consists of continued operation of the Northrop 

IRM system with the addition of the performance of VCM sentry monitoring. If this 

monitoring shows that VCM is migrating to aquifer regions within the hydraulic 

influence of the IRM grovmdwater extiaction system at concentiations which would 

require supplemental tieatment to prevent Air Guide 1 exceedances, the IRM tieatment 

system would be modified to address the VCM presence. 

Effectiveness. The erJianced Northrop IRM scenario achieves the remediation 

objectives, however the required time frame is longer than for the other 'action' 

alternatives. Continued nugration of the VCM subplume downgradient of the MW-52 

area would not be prevented and thus the toxicity, mobility, and rrvass of VCM would 

not be reduced, other than that offered by natural attenuation, until the VCM reaches the 

Northrop IRM system. Sentry monitoring for VCM would be required to ensure that the 

treatment for VCM at the Northrop IRM wells was in place before the VCM reaches the 

wells. The sentry monitoring and subsequent supplemental VCM tieatment at the 

Northrop IRM system would prevent VCM Air Guide 1 excursions, thereby protecting 

the Northrop IRM workers and local residents. The Northrop IRM will prevent VCM 

from the MW-52 area from migrating to the BWD wells thereby protecting the BWD 

water supply. 

Implementability. This scenario is easily implemented. In fact, the Northrop IRM is 

already operating and sentry wells are already installed and being monitored by 

Northrop (i.e., well nest GM-23). Treatment technologies for elevated levels of VCM in 

groundwater are readily available. Implementation of this scenario would require long 

term groundwater monitoring. Additional O&M would be required for the 

supplemental VCM tieatment components if determined to be needed. The tieatment 

plant may require a revised permit for off-gases. 

Cost. Capital costs wovild be moderate and O&M costs would be low. 

Conclusion. The scenario is effective and implementable. 
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3.4.4.3 GROUNDWATER REMOVAL 

Extraction Wells 

The extiaction option uses a pumping well system, comprised of a series of wells 

completed in the overburden deposits, which can be used to capture groundwater with 

elevated VCM presence for treatment. The wells used in the capture system would be 

designed and located to provide optimum efficiency in capturing the target 

groundwater while minimizing the collection of dean groundwater. 

Effectiveness. The effectiveness of an extiaction well system depends largely on the 

extent of chemical presence and the geology and hydrogeology. Pumping tests 

previously performed and the geology/hydrogeology confirm a high jdeld aquifer in 

the portions of the aquifer where VCM is present, and because the VCM presence 

extends to depths of several hundred feet bgs, extiaction wells should effectively contiol 

the migration of the VCM and remove the affected grovmdwater for subsequent 

tieatment. The use of wells to extiact groundwater will reduce VCM mass and should 

attain the remediation goals identified in the remedial objectives over the long term. 

The technology is reliable and minimal effects on human health and the environment 

would be expected during implementation. 

Implementability. Grovmdwater extiaction through a pumping well system can be 

readily implemented. The technology uses readily available equipment and techniques 

and has been widely used in similar situations, including the Northrop IRM to address 

the regional VOC plume. Implementation of this technology would require long term 

operation and maintenance. Maintenance may require periodic replacement of 

mechanical components and well flushing to remove fine-grained material that may clog 

the wells. Local and state permits will be required for installation of the extiaction wells. 

Implementation could be negatively affected by difficulties associated with purchasing 

land or obtaining access/easements for extiaction well locations. Northrop has been 

selling large pieces of formerly used industiial land. These tiansactions have decreased 

the amount of land available for the installation and operation of wells and/or 

forcemains. 

Cost. Both capital and O&M costs are moderate. 

Conclusion. The extiaction well system is effective and implementable. 
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3.4.4.4 GROUNDWATER TREATMENT 

In this section, tieatment technologies for the removal of VCM from extiacted 

groundwater will be discussed. Discussion of tieatment technologies that may be 

required for water conditioning before or after primary tieatment, such as filtiation or 

sedimentation for the removal of suspended solids, will also be included as part of the 

discussions. It is noted that although VCM is the primary compound being addressed, 

other VOC compounds are present. There may also be other sorts of compounds that 

are present that require tieatment prior to discharge of the tieated grovmdwater. None 

the less, this evaluation will continue to focus on tieatment for VCM as it is the primary 

parameter of concern and is expected to drive the tieatment selection. 

Carbon Adsorption 

Activated carbon adsorption is a frequently applied technology for the removal of 

elevated levels of VOCs from groundwater. The fundamental principle behind activated 

carbon tieatment involves the physical atttaction of organic solute molecules to 

exchange sites on the internal pore surface areas of the specially treated (activated) 

carbon grains. As groundwater is filtered through the adsorbent, the organic molecules 

eventually occupy all of the surface sites on the carbon grains. The exhausted carbon 

must then be either regenerated or disposed of according to federal (RCRA) or New 

York State regulations. Activated carbon will adsorb many organic compovmds to some 

extent but is most effective for the less polar and less soluble compovmds. VCM adsorbs 

very poorly on activated carbon. 

Effectiveness: Carbon adsorption is a well proven, reliable technology that would be 

effective for removing most of the VOCs from the groundwater with the exception of 

VCM which adsorbs poorly on activated carbon. Spent carbon containing the 

concentiated organic chemicals would have to be regenerated or disposed of in a 

hazardous waste landfill. 

Implementability. Carbon adsorption would be readily implementable if it was an 

appropriate technology. There are a sufficient number of vendors that provide carbon 

adsorption units. General construction permits and a TSD permit will likely be required 

for the implementation of carbon adsorption technologies. 

Cost. Capital costs are low while O&M costs range tiom low to high, depending on the 

carbon usage rate, which is a function of influent chemical concentiation. 
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Conclusion. Carbon adsorption is a viable technology for tieating VOCs in the 

groundwater, however, it is not effective for VCM removal and thus is not relevant for 

further consideration. 

Volatilization 

Volatilization or air stripping technology is well suited for the removal of VOCs 

including VCM from extracted groundwater. This aeration process encourages the 

transfer of VOCs found in groundwater from the aqueous phase to the gas phase as 

defined by Henry's Law. In general, air stripping is used for VOCs with a Henry's Law 

constant greater than or equal to 3.0 atm-L/mole (Camp, Dresser and McKee 

Incorporated, 1985). Removal efficiencies of VOCs typically exceed 99 percent 

depending on the operating parameters as well as the physical properties of the VOCs. 

VCM is one of the easier volatiles to air stiip. 

The countercurrent packed tower is the most commonly used air stiipping 

configuration. Water is distributed over the top of the unit while air is forced upward 

through the bottom. Loosely fitted packing material serves to increase the air/water 

interface area to provide maximum mass tiansfer. Key factors that influence process 

performance include air to water ratio, height of packing, t j^e of packing material, 

operating temperature, surface hydraulic loading, and contact time. 

Steam stripping uses steam to strip VOCs from groundwater. This technology is very 

similar to air stripping, except that steam is used as a carrier gas and provides heat to 

enhance removal. Steam stiipping is generally considered for product recovery and/or 

for removal of organic compovmds that are only slightiy more volatile than water. For 

VCM and the other VOCs present in the groundwater, steam would not typically be 

required. 

Effectiveness. Air stripping is a well proven and reliable technology that would be 

effective for removing VCM and the other VOCs from groundwater. Removal 

efficiencies greater than 99 percent can theoretically be achieved for the contaminants 

present. Since air stripping only removes the VOCs from the water and concentiates 

them in the off-gas, the off-gas will require tieatment by means such as granular 

activated carbon adsorption, catalytic oxidation, or thermal destruction. The need and 

type of off-gas tieatment depends on the spedfic chemicals and their concentiation. As 

previously mentioned, granular activated carbon does not effectively tieat VCM. Thus 

catalytic or thermal tieatment are the most likely process options for tieatment of the 

VCM off-gas. 
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Steam stripping does not provide any advantage in effectiveness beyond that of air 

stripping. 

Implementability. Air stripping would be readily implementable. There are a 

significant number of vendors that provide air stripping technology. In order to meet 

New York State Ambient Air Quality Standards, contiol of off-gas emissions will be 

required, as well as an air permit. Construction permits and a TSD permit will also 

likely be required. 

A maintenance problem assodated with air stripping is the channeling of flow resulting 

from clogging in the packing material. Common causes of clogging include high oils, 

suspended solids, and iron concentiations, and slightiy soluble salts such as calcium 

carbonate. None of these nuisance constituents are expected to be present at elevated 

concentiations, which would present a problem for tieatment of the VCM subplume. 

Cost. The capital costs are moderate and O&M costs range from low to moderate. The 

presence of VCM reqviires off-gas tieatnvent by processes such as catalytic oxidation, 

thus increasing capital and O&M costs. 

Conclusion. Air stiipping, via a countercurrent packed tower, is an effective and 

reliable technology for removing VCM and the other VOCs from the groundwater. 

Catalytic and thermal destiuction are the most likely process options for the off-gas 

tieatment (at the present time). 

Filtration 

Filtiation is a process using a porous medium to remove suspended solids from a liquid. 

It is valuable in groundwater tieatment as a pre-tieatment to remove suspended solids 

before other tieatment processes and/or for the final cleaning or polishing of tieated 

effluent. It is effective in removing orgaruc and inorganic chemicals (particularly metals) 

that are bound, to suspended solids in grovmdwater, often reducing the need for further 

tieatment of these chemicals. 

Liquid filtiation may be accomplished by numerous methods including screens, fibrous 

fabrics (paper or cloth), ultiafiltiation, or beds of granular material. How through a 

filter can be encouraged by pressure on the inlet side or by drawing a vacuum on the 

filter outlet. 
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Effectiveness. This technology is widely used for the removal of suspended materials. 

Filtering systems can be staged to progressively remove smaller materials; many system 

variations have been designed to reduce clogging and provide easy maintenance. 

Filtiation is especially useful in reducing concentiations of particulate metals and 

organic compounds that are bound to suspended solid materials. These compounds 

may not be easily removed by other tieatment methods such as aeration or carbon 

adsorption, making filtiation a common pre-tieatment step for these technologies. 

Suspended solids in groundwater from the VCM subplume are not a concern. 

Implementability. Filtiation systems are commercially available from a wide variety of 

manufacturers and can be readily ordered to almost any specification. No permits, other 

than general construction permits would likely be required for the implementation of 

filtiation technologies. 

Filter media would occasionally have to be replaced or regenerated, potentially resulting 

in the generation of sludges requiring specialized disposal because of chemical content. 

Cost. Capital costs for filtration are low, as are O&M costs. Although not antidpated in 

this situation, O&M costs may elevate slightly if frequent tvirbidity in the pumped 

groundwater requires additional filter maintenance or increases sludge volumes 

requiring disposal. 

Conclusion. Filtiation may be required as a process option for groundwater tieatment 

followed by a precipitation process when needed for particulate metals removal. 

However, the requirement of inorganics tieatment must be evaluated further during 

remediation and is not considered further in this FS. 

3.4.4.5 GROUNDWATER DISCHARGE TECHNOLOGIES 

Extiacted groundwater must eventually be discharged following tieatment. The 

available discharge options include benefidal reuse as potable or process water or 

recharge to the aquifer. The large volumes of tieated water make other potential options 

(i.e., off-Site discharge via hauling or forcemains) cost prohibitive and are not discussed 

further in this FS. 
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Beneficial Reuse 

Beneficial revise includes the use of the tieated water as potable water and/or process 

water. After reuse, the water would either be discharged to the sanitary sewer system or 

to subsurface discharge, depending on the condition of the water after use. Subsvurface 

discharge would be performed as described below. 

Effectiveness. Benefidal reuse of the tieated groundwater is a means of reducing the 

demand on the area groundwater resources and is a requirement of the area. 

Implementability: The groundwater would be required to be tieated to Class GA 

(i.e., potable water) standards in order to be useable for most purposes. The reuse of the 

water would be based on the chemical concentiations achieved by tieatment. 

Additioneilly, beneficial reuse is not easily implementable as a distribution system 

(e.g., forcemains) would need to be constiucted. 

Cost: The cost to implement beneficial reuse is moderate. A use for the water would 

need to be identified and a distribution system constructed. 

Conclusion: Beneficial reuse is retained for further consideration because it is required 

in this area, reduces the demand on a limited resource and is of moderate cost. 

Subsurface Discharge 

Subsurface discharge includes the use of injection wells, spray irrigation, or infiltiation 

basins to return tieated groundwater into the aquifer. Underground injection weUs can 

be coupled with extiaction wells to create a closed system in which pumping and 

injection rates balance one another, and serve as a dynamic containment system for 

contiolling plume migration. Spray irrigation and infiltiation basins use gravity-aided 

discharge into the aquifer. 

Effectiveness. Subsurface discharge is an effective means of disposing of the volume of 

water generated by a groundwater pumping/tieatment system. Injection wells offer the 

advantage of decreasing groundwater remediation time by increasing the groundwater 

flow rate through the aquifer. 

Implementability. Recharge basins are readily implementable. Space is available and 

basins are easily constructed and are widely used in the surrounding area. Subsurface 

discharge would require that groundwater be tieated to either action or background 

levels prior to reinjection. Subsurface discharge of water tjqjically require a State 
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Pollution Discharge Elimination System (SPDES) permit. The permit sets limitations on 

chemical concentiations, and possibly flow rates, of disposed water. Installation of an 

injection well system for undergrovmd injection is implementable, however, achieving a 

closed system may be difficult, considering the complexity of pumping/recharge basins 

within the area of concern. Injection wells can also be maintenance intensive. Spray 

irrigation reqviires large areas of unused, uncontaminated land which is not readily 

available in such a densely industrialized urban area. 

Cost. The capital and O&M costs for recharge basin(s) are low. 

Conclusion. Recharge basins are appropriate for use in developing remedial 

alternatives. Because the costs for reinjection are high compared to use of the recharge 

basins and because implementation of reinjection is questionable due to complex aqviifer 

use patterns, reinjection is eliminated from further consideration. Spray irrigation is 

eliminated because of the nonavailability of appropriate land area. 

3.4.4.6 IN SITU TREATMENT 

Chemical Oxidation 

Chemical oxidation can destioy an extensive variety of organic constituents in 

groundwater, sediment, and soil. In situ chemical oxidation is an innovative technology 

based on the delivery of a suitable oxidizing agent to impacted groundwater in order to 

destioy or detoxify the chenucal constituents by converting them to irmocuous and 

harmless compounds. There is a variety of oxidants available, and laboratory studies 

suggest that tieatment time may be significantly reduced relative to other technologies. 

In situ chemical oxidation can be used to significantly reduce the VCM concentiations in 

the vicinity of MW-52. Application of the oxidizer is anticipated to occur at intervals of 

at least one month. The tteatment would greatly reduce the biological communities in 

the area of oxidant injection. Oxidation will take place in a period of hours after which 

the oxidizer will be depleted. Once the oxidants are depleted, the area tieated by the 

oxidants will gradually begin to infill with chemicals and microbial populations from 

the surrounding unoxidized areas as the groundwater continues to flow and mix along 

its southerly migration route. Various chemical oxidation processes for tieating orgaiuc 

compounds in groundwater are evaluated below with respect to their ability for 

tieatment of the chemicals in the VCM subplume. 

I 
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i) Air and Pure Oxygen 

Gases such as air and pure oxygen are weaker in terms of chemical reactivity as 

compared to liquid oxidants. Air and pure oxygen are capable of oxidizing VCM, 

however they are not as effective as liquids because the contact time required for the 

chemical reaction necessary to reduce the VCM concentiations is much greater. None 

the less, oxidation will occur if extended contact time is available and thus air and pure 

oxygen are retained as possible oxidizing agents for the remediation of the VCM 

subplume. 

ii) Ozone 

Ozone is a gas capable of oxidizing a wide range of organic and inorganic compounds. 

It is commonly used to destioy a variety of orgariic constituents, however, it requires 

certain precautions because it is an extiemely reactive gas. It cannot be shipped or 

stored, and must be generated on site immediately prior to its application. Ozone 

rapidly decomposes to oxygen in aqueous solutions containing impurities such as 

particulates or organic matter. The effectiveness of ozone tieatment in destioying many 

organic compovmds is significantly enhanced in the presence of ultiaviolet radiation and 

acidic pH. However, very little published data are available on the effectiveness and 

coist of in situ ozone tieatment, particularly for chlorinated volatile compounds in 

grovmdwater. Due to these difficulties, the use of ozone as an oxidizing agent for the 

remediation of the VCM subplume is eliminated. 

iii) Hydrogen Peroxide/Fenton's Reagent 

Hydrogen peroxide is an acidic, moderate stiength oxidizing agent. It is commercially 

available in aqueous solutions over a wide range of concentiations. Hydrogen peroxide 

is used frequently in industiial wastewater tieatment to detoxify cyarude, sulfide, and a 

variety of organic compounds. However, it can result in the formation of toxic 

intermediate products such as epoxy derivatives. In the presence of catalysts, 

particularly ferrous ions, hydrogen peroxide is decomposed to hydroxyl and 

perhydroxyl radicals. These free radicals are very powerfvil oxidants which react with a 

wide variety of organic compounds and are the basis of what is known as "Fenton's 

Reagent". Although the most common field applications thus far have been based on 

Fenton's Reagent, the process has several disadvantages. For example, the reaction of 

hydrogen peroxide with high concentiations of some organic and inorganic compounds 

can be stiongly exothermic (heat producing) and can result in possible explosion due to 

gas evolution. The instability of hydrogen peroxide is also another problem. In 

addition, effective tieatment with hydrogen peroxide or Fenton's Reagent usually 
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reqviires low pH and use of corrosive reagents such as sulfuric acid. Because hydrogen 

peroxide/Fenton's Reagent produce exothermic reactions and hydrogen peroxide is 

unstable, use of these as oxidizing agents for the remediation of the VCM subplume 

were eliminated. 

iv) Potassium Permanganate 

Potassium permanganate is a stiong oxidizing agent that reacts readily with many 

organic compounds, including chlorinated solvents such as TCE, DCE and VCM. The 

half-lives of these compounds range between less than a minute to four hours under lab 

conditions. Reaction of permanganate with these chemicals results in the formation of 

carbon dioxide, water, potassium chloride, and manganese oxide. The effectiveness of 

permanganate oxidation of chlorinated solvents has been demonstiated in laboratory 

and pilot-scale level tests (Base Borden Permanganate Test^, Portsmouth DOE Plant 

Permanganate Test^). Potassivim permanganate is a stable reagent, commercially 

available and easy to handle in both solid and aqueous form. 

Based on the above discussions, potassium permanganate is selected as the most 

appropriate oxidizing agent for the VCM subplume. The following paragraphs on 

effectiveness, implementability and cost are all discussed with respect to potassium 

permanganate. 

Effectiveness: In situ chemical oxidation has been demonstiated to be successfvil at 

other sites, and is effective against a wide range of chlorinated and non-chlorinated 

compounds in a variety of soil types. In situ chemical oxidation would offer a reliable 

and cost-effective remedial alternative for the VCM subplume. In situ chemical 

oxidation can significantly reduce the elevated VCM concentiations and may provide 

conditions suitable for biodegradation to occur or potentially be even more effective in 

the areas downgradient of the chemical oxidation zones (the reduction in toxic levels of 

VCM combined with residual oxygen presence may provide enhanced conditions for 

biodegradation to occur). 

I 

Schnarr, M. ]., Truax, C. T., Farquhar, G. J., Hood, E. D., Gonullu, T., and Stickney, B. (1998). "Laboratory 
and controlled field experiments using potassium permanganate to remediate trichloroethylene and 
perchloroethylene DNAPLs in porous media". Journal of Contaminant Hydrology, 29:205-224. 

Jerome, K. M., Riha, B., and Looney, B. B., 1997. Final Report for Demonstration of In Situ Oxidation of 
DNAPL using the Geo-Cleanse® Technology Westinghouse Savannah River Company, WSRC-TR-97-0028. 
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Due to the slow rate of movement of the VCM subplume, the intioduction of potassium 

permanganate can be done on a periodic basis rather than as a continuous injection 

stieam. 

Implementability: An in situ chemical oxidation system can be readily implemented. 

Permanganate solution can be applied through either horizontal injection wells or 

vertical injection wells. This tieatment scenario would be implemented after conducting 

appropriate laboratory studies to determine injection and consumption rates. The need 

to inject on a periodic basis (i.e., monthly, bimonthly, quarterly) makes this alternative 

fairly easy to implement. Implementation of this treatment scenario wovild require 

long-term groundwater monitoring. Groundwater samples would be analyzed for 

chloride and VCM to evaluate the tieatment process. Permission to inject potassium 

permanganate into the aquifer would require State approval. The State has expressed 

concern over potassium permanganate due to the presence of tiace concentiations of 

metals in the potassium permanganate and a general reluctance to allow any foreign 

substance to be injected into the aquifer. Tests have been prepared by GSHI to address 

these concerns vmder another phase of the Hooker/Ruco Site remediation. 

Cost: The capital costs are moderate and O&M costs range from low to moderate, 

depending on the volvime of permanganate used and duration of tieatment. 

Conclusion: The use of chemical oxidation may be technically implementable at a 

relatively low cost, compared to other tieatment alternatives, such as pump and tieat 

subject to the requirements/costs of the delivery/mixing systems needed and 

time/quantity of oxidant needed. The duration of tieatment is comparable to pump and 

tieat alternatives, because the tieatment method relies on the southerly migration of the 

VCM subplume to facilitate the destiuction of the VCM [i.e., the northern limit of the 

elevated VCM subplume concentiation has to migrate south past the delivery system 

location(s)]. The duration of tieatment can be decreased through the use of multiple 

injection points throughout the VCM subplume. A benefit of in situ tieatment as 

compared to pump and tieat methods is that groundwater is not extiacted or discharged 

from/to the aquifer. This would ensure less stiess to the environment. Additionally, 

constiuction of recharge basins and forcemains would not be required. Prevention of 

groundwater use and routine monitoring for assessing VCM migration makes this 

approach a viable remedial option. The technology should be retained for further 

consideration. 
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Enhanced Bioremediation 

A review of the data presented in the OU-1 Predesign Investigation report indicated that 

some natural attentuation of PCE and VCM by biodegradation is occurring in the 

vicinity of monitoring wells MW-50J1, MW-50J2, MW-52S and MW-52I. The evaluation 

of PCE and VCM biodegradation resulted in the following key observations: 

i) the distribution of redox parameters indicates an area of reducing conditions 

(methanogenic) in the grovmdwater in the vicinity of monitoring wells MW-50J1, 

MW-50J2, and MW-52S; 

ii) PCE degradation products (TCE and 1,2-DCE) were observed in monitoring 

wells in assodation with the parent compound PCE, indicating that degradation 

of PCE is occurring in localized areas; 

iii) The high ratio of cis-l,2-DCE relative to 1,1-DCE and ttans-l,2-DCE indicates 

that the presence of cis-l,2-DCE is the result of biodegradation reactions; 

iv) VCM degradation products (ethane and ethene) were observed at monitoring 

wells MW-50J1, MW-50J2, MW-52S and MW-52I, indicating tiiat biodegradation 

of VCM by reductive dehalogenation is occurring; and 

v) Aerobic conditions, which are highly conducive to the oxidation of VCM, exist in 

the vidruty of MW-52I and downgradient of the Hooker/Ruco Site at GM-IOI. 

The redox data indicate that conditions in the grovmdwater in the southern portion of 

and immediately downgradient of the Hooker/Ruco Site are predominantiy reducing. 

Decreases in PCE and VCM concentiations combined with the presence of daughter 

products and redox indicators of the appropriate redox potential provides stiong 

evidence that PCE and VCM are undergoing biodegradation. Biodegradation of PCE to 

TCE and 1,2-DCE is indicated at monitoring wells in the methanogenic groundwater at 

MW-50J1, MW-50J2 and MW-52S. The predominance of 1,2-DCE relative to 1,1-DCE 

indicates that the 1,2-DCE present in the groundwater is a biodegradation product of 

PCE degradation. The presence of ethene and ethane in the groundwater indicates that 

anaerobic biodegradation of VCM also is occurring in the groundwater. 

The results of this preliminary natural attenuation evaluation indicate that destructive 

natural attenuation processes have contributed to the reductions in PCE and VCM 

concentiations over time, which result in the biotiansformation of PCE and VCM to 

relatively innocuous compounds (i.e., ethene, ethane, methane, chloride, carbon dioxide 

and water). Thus bioremediation is a viable tieatment alternative for VCM and other 

VOCs. 
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Enhanced Aerobic Biodegradation 

It may be necessary or beneficial to enhance the degradation of VCM by performing 

enhanced aerobic degradation. Enhanced aerobic degradation wovild involve the 

optimization of the nutrient and oxygen concentiations in grovmdwater. This can be 

achieved by: 

1. Injection of inorgaivic sources of nittogen and phosphorous along with a low 

level (few PPM) of a suitable carbon source (e.g., methanol, methane, propane 

etc.), to optimize the growth of indigenous aerobic microbial population; and 

2. Maintaining adequate level of dissolved oxygen in groundwater via air 

sparging/or the use of intercepting socks containing oxygen release compovmds. 

The requirement for nitiogen, phosphorous and carbon sources would be determined 

during the Phase I VCM subplume remediation (discussed in Section 4.2.4). The 

following paragraphs on effectiveness, implementability and cost are all discussed with 

respect to the general principle of enhanced aerobic degradation 

Effectiveness: In situ enhanced aerobic degradation is effective against a wide range of 

lovver chlorinated and non-chlorinated volatile compounds in a variety of soil and 

grovmdwater envirormients. In situ enhanced aerobic degradation would offer a reliable 

and cost-effective remedial alternative for the chemicals in the VCM subplume and 

those from the OU-1 groundwater. In situ enhanced aerobic degradation can enhance 

the biodegradation of these chemicals. 

The downgradient edge of the VCM subplume in the regional aquifer has moved a 

distance of approximately 1,600 feet ii\ the intermediate zone (100 to 180 feet bgs) to 

approximately 2,300 feet in the deep (180 to 220 feet bgs) and very deep (>270 feet bgs) 

zones, in a time period of 45+ years. This is equal to a migration rate ranging from 36 to 

51 feet/yr. For the purposes of this report, a value of 60 ieet/yr will be used. The use of 

a higher rate of migration wiU provide a conservative evaluation of how quickly (faster) 

and how much additive is needed to address the VCM subplume. Because of this slow 

rate of migration, it is possible to inttoduce nitiogen/phosphorous/carbon, if needed, 

on a periodic basis rather than as a continuous injection stieam. The method of 

intioduction will be determined during the design phase. 

Implementability: An in situ enhanced aerobic degradation system can be readily 

implemented. The nitiogen/phosphorous/carbon can be applied, if needed, through 
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the same delivery system as used for oxygen (either horizontal or vertical injection 

wells). This tieatment scenario would be implemented after conducting appropriate 

laboratory studies. The need to inject on a periodic basis (i.e., monthly, bimonthly, 

quarterly) makes this alternative fairly easy to implement. Implementation of this 

tieatment scenario would require long-term grovmdwater monitoring. Groundwater 

samples would be analyzed for chloride, nutrients (i.e., phosphate, nitiate), TOC, 

oxygen, carbon dioxide, and VCM to evaluate the tieatment process. 

Cost: The capital costs are moderate and O&M costs are low due to the expected low 

volume of nitiogen/phosphorous/carbon required for the tieatment. 

Conclusion: Similar to chemical oxidation the use of aerobic degradation may be 

technically implementable at a relatively low cost, compared to other tieatment 

alternatives, such as pump and tieat. The duration of tieatment is comparable to pump 

and tieat alternatives, because the tieatment method relies on the southerly migration of 

the VCM subplume to facilitate the destruction of the VCM (i.e., the northern limit of the 

elevated VCM subplume concentiation has to imgrate south past the delivery system 

location). The duration can be decreased through the use of multiple injection points 

throughout the VCM subplume. A benefit of in situ treatment as compared to pump 

and tieat methods is that groundwater is not extracted or discharged from/to the 

aquifer. This would ensure less stiess to the environment. Additionally, construction of 

recharge basins and forcemains would not be required. Prevention of grovmdwater use 

and routine monitoring for assessing VCM nugration makes this approach a viable 

remedial option. The technology should be retained for further consideration. 

Enhanced Anaerobic Degradation 

It may be necessary or beneficial to enhance the degradation of VCM by performing 

enhanced anaerobic degradation. Enhanced anaerobic degradation would involve the 

optimization of the nutrient and carbon source concentiations in grovmdwater. This can 

be achieved either by: 

1. Injection of inorganic sources of nitiogen and phosphorous along with a higher 

level (up to 0.1 percent) of a suitable carbon source (e.g., molasses, yeast extiact, 

lactate, HRC etc.), to optimize the growth of indigenous anaerobic microbial 

population; or 

2. the use of intercepting socks containing hydrogen release compound (HRC). 

The requirement for nitiogen, phosphorous and carbon sources would be determined 

during the Phase I VCM subplume remediation (discussed in Section 4.2.4). The 
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following paragraphs on effectiveness, implementability and cost are all discussed with 

respect to the general principle of enhanced anaerobic degradation. 

Effectiveness: In situ enhanced anaerobic degradation is effective against a wide range 

of higher chlorinated volatile compounds in a variety of soil and grovmdwater 

environments. The onset of reductive dechlorination of VCM may be somewhat slower 

than that for more chlorinated VOCs because more reducing conditions are required. 

Orice appropriate conditions are established, the rates are an order of magnitude slower 

than an aerobic process. The degradation half-lives for anaerobic degradation are 

measured in weeks to months. In situ er\hanced anaerobic degradation may offer a 

reliable and cost-effective remedial alternative for the VCM subplume if reduced 

conditions can be adequately enhanced. 

Due to the slow rate of movement of the VCM subplume the introduction of 

nitrogen/phosphorous/carbon can be performed, if needed on a periodic basis rather 

than as a continuous injection stieam. 

Implementability: An in situ erJianced anaerobic degradation system can be 

implemented. The system will degrade PCE and TCE readily, however, it nvay be 

difficult to maintain the highly reductive conditions needed to, insure the effective 

anaerobic degradation of cis-DCE and particularly VCM, given the current, tending to 

oxic, plume conditions. 

The nitiogen/phosphorous/carbon can be applied, if needed, through either horizontal 

injection wells or vertical injection wells. This tieatment scenario would be 

implemented after conducting appropriate laboratory studies. The need to inject on a 

periodic basis (i.e., monthly, bimonthly, quarterly) makes this alternative fairly easy to 

implement. Implementation of this tieatment scenario would require long-term 

groundwater monitoring. Grovmdwater samples would be analyzed for chloride, 

nutrients (i.e., nitiate and phosphate), TOC, redox sensitive parameters (i.e., redox 

potential, dissolved oxygen, sulfate, and dissolved iron), ethene, and VCM to evaluate 

the treatment process. 

Cost: The capital costs are moderate and O&M costs are low due to the expected low 

volume of nitiogen/phosphorous/carbon required for the treatment. 

Conclusion: The use of anaerobic degradation may be technically implementable at a 

relatively low cost, compared to other tieatment alternatives, such as pump and tieat. 

The duration of tieatment is comparable to pump and tieat alternatives, because the 

tieatment nvethod relies on the southerly migration of the VCM subplume to facilitate 
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the destruction of the VCM (i.e., the northern limit of the elevated VCM subplume 

concentiation has to migrate south past the delivery system location). The duration can 

be decreased through the use of multiple injection points throughout the VCM 

subplvime. A benefit of in situ tieatment as compared to pump and tieat methods is that 

grovmdwater is not extiacted or discharged from/to the aquifer. This would ensure less 

stiess to the environment. Additionally, constiuction of recharge basins and forcemains 

would not be required. Prevention of grovmdwater use and routine monitoring for 

assessing VCM migration makes this approach a viable remedial option. However, due 

to the fact that VCM is more easily oxidized under aerobic conditions than reduced 

under anaerobic conditions, the use of anaerobic degradation technology will not be 

retained for further consideration. 

Biosparging 

The results of the laboratory grovmdwater tieatabiUty study and the predesign field 

activities showed that conditions exist in the plume that are likely to be conducive to 

aerobic degradation. These results confirm that it is possible to consider the use of 

biosparging technologies in an in situ application to enhance the VCM degradation. The 

process would involve the injection of air into the groundwater formation. The rate of 

injection would be regulated to provide sufficient oxygen to increase the dissolved 

oxygen content of the aquifer to 10-12 mg/L. That injection rate would maximize the 

oxygen available to enhance aerobic degradation in the aquifer and it would mirumize 

the removal of VCM from the grovmdwater by tiansport to the vadose zone where it is 

released from the water column. Any VCM released would be in such low 

concenttations that biological activity in the vadose zone should be suffident to 

complete the reduction of the VCM to irmocuous components. 

It is likely that pure oxygen could significantly enhance the effectiveness of the 

biosparging process and therefore its use in place of air will be considered. The use of 

biosparging is likely to be a viable technology. The following paragraphs on 

effectiveness, implementability and cost are all discussed with respect to the general 

concept of biosparging. 

Effectiveness: In situ biosparging is effective in tieatment of a wide range of 

chlorinated and non-chlorinated volatile compovmds in a variety of soil types. In situ 

biosparging would offer a reliable and cost-effective remedial alternative for the 

chemicals in the VCM subplume. In situ biosparging can significantly reduce the 

chemical concentiations. 
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Due to the slow rate of movement of the VCM subplume, the intioduction of air or pure 

oxygen to the aquifer can be done on a periodic basis rather than as a continuous 

injection process. 

Implementability: An in situ biosparging system can be readily implemented. Air 

injection can be applied through horizontal injection wells or vertical injection wells. 

This tieatment scenario would be implemented after conducting appropriate laboratory 

studies to assess iron and manganese precipitation and potential clogging. The need to 

inject on only a periodic basis (i.e., monthly, bimonthly, quarterly) makes this alternate 

fairly easy to implement. Implementation of this tieatment scenario would require 

long-term groundwater monitoring. Groundwater samples would be analyzed for 

chloride, oxygen, carbon dioxide, and VCM to evaluate the tieatment process. 

Cost: The capital costs are moderate and O&M costs range from low to moderate, 

depending on the volume of air required and the duration of treatment. 

Conclusion: The use of biosparging is invplementable at a relatively low cost, 

compared to other tteatment alternatives, such as pump and tieat. The duration of 

tieatment is comparable to pump and tieat alternatives, because the tieatment method 

relies on the southerly migration of the VCM subplume to facilitate the destruction of 

the VCM (i.e., the northern limit of the elevated VCM subplume concentiation has to 

migrate south past the delivery system location). The duration of tieatment can be 

decreased through the use of multiple injection points throughout the VCM subplume. 

A benefit of in situ treatment as compared to pump and tieat methods is that 

groundwater is not extiacted or discharged from/to the aquifer. This would ensure less 

stiess to the environment. Additionally, the construction of recharge basins and 

forcemains would not be required. Prevention of groundwater use and routine 

monitoring for assessing VCM migration makes this approach a viable remedial option. 

The technology should be retained for further consideration. 

3.4.4.7 IN SITU DELIVERY SYSTEM 

Each of the in situ technologies discussed in Section 3.4.4.6 require a system to deliver 

the nutrients/additives to the VCM subplume. This section presents two process 

options: vertical injection wells and horizontal injection wells. 
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Vertical Injection Wells 

Under this process option, vertical wells would be installed to serve as injection 

locations for whichever in situ process is selected. The following paragraphs on 

effectiveness, implementability and cost are all discussed with respect to a vertical 

injection system. 

Effectiveness: The injection wells would be effective in delivering the required 

materials to the formation, since the wells would be designed and spaced for maximum 

distribution. While injection wells are effective, studies have shown that in some cases, 

particularly when the screened interval is lengthy, vertical wells sometimes have 

difficulty in distributing the additives evenly across the entire screened interval. In 

general, the injected materials may preferentially exit the well in the upper section of the 

well screen with the injected volume decreasing with distance from the top of the screen. 

Proper design of the injection well can ensure that the injected materials are spread more 

uniformly throughout the vertical profile of the impacted grovmdwater. Design 

considerations include modifjdng the screen slot size, the screen length, or the use of 

packers to segregate the screen interval, etc. Additionally, vertical injection wells can 

also be readily utilized as monitoring wells if desired. 

Implementability: Vertical groundwater injection wells could be easily installed to the 

depth of the VCM plvime (200 to 400 feet below ground) using common drilling 

techniques. Additives (air, potassium permanganate, nutrients, etc.) could be forced 

into the formation using either static head within the well or using pump supplied 

pressure. 

Cost: The capital and O&M costs for vertical injection wells are relatively low in 

comparison with horizontal wells. 

Conclusion: Vertical injection wells are retained for further consideration. 

Horizontal Injection Wells 

Under this process option, horizontal wells would be installed in a west-east direction 

across the VCM subplume to serve as an injection tiench/gallery for whichever in situ 

process is selected. The following paragraphs on effectiveness, implemetability and 

costs are all discussed with respect to a horizontal delivery system. 

Effectiveness: Horizontal wells screened across the VCM subplume wovild be effective 

in distributing the required materials laterally within the aquifer. However, due to the 
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high ratio of horizontal to vertical hydraulic conductivity (100:1 for the Magothy 

Aqviifer, 10:1 for the Lloyd Aquifer) it is possible that vertical distribution throughout 

the aquifer could be somewhat impeded. The long screen lengths of horizontal injection 

wells results in similar distribution concerns as experienced for vertical wells, however, 

these concerns can edso be addressed through technological design input. 

Implementability: Horizontal wells in the oil industry have been installed to depths on 

the order of 20,000 feet. In the case of envirorvmental projects, many horizontal wells 

have been installed to depths of 100 to 300 feet. Given the depth that has been reached 

for the oil industry, the installation of horizontal wells on the order of 400 feet bgs for 

the VCM subplume should not pose a problem. 

Costs: The capital and O&M costs for horizontal injection wells are moderate to high. 

Conclusion: Horizontal injection wells are retained for further consideration. 

Summary: Although both vertical and horizontal injection wells wovild be effective in 

delivering the nutiients/additives to the VCM subplume, further discussion of injection 

wells in this document will be limited to the use of vertical injection wells. Vertical wells 

are easier to irvstall and work with and therefore arie used in the alternatives evaluation 

in the following sections of this report. In reality, a decision to utilize vertical or 

horizontal injection wells would be made during the design stage. 

3.4.4.8 SUMMARY OF HNAL SCREENING OF TECHNOLOGIES 
AND PROCESS OPTIONS - GROUNDWATER 

The evaluations of technologies and process options, based on effectiveness, 

implementability, and cost, are summarized in Table 3.5. In this table, the technologies 

are organized according to the general response actions developed in Section 2.3. 

3.4.4.9 SELECTION OF REPRESENTATIVE PROCESS OPTIONS 

The technologies and selected representative process options to be further considered in 

this report are as follows: 

• No Further Action - Northrop IRM; 

• Enhanced Northrop IRM; 

• Extiaction wells; 

6883 (18) 47 CONESTOGA-ROVERS & ASSOCIATES 

400100 



I 
Treatment Technologies: 

- Air stripping, with catalytic oxidation off-gas tieatment, and 

In situ Chemical Oxidation and/or Enhanced Bioremediation and/or 

Biosparging; and . -

Discharge: 

Beneficial reuse as process/potable water, and 

Subsvurface discharge. 
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4.0 DEVELOPMENT AND DESCRIPTION 

OF REMEDIAL ACTION ALTERNATIVES 

The primary regional environmental concern, as delineated in previous investigations 

[Geraghty & Miller, Inc. Remedial Investigation (RI) Report (1994); the U.S. Navy RI 

Reports (Haliburton, NUS 1992 and 1993); and ihe OxyChem/Ruco RI Reports 

(Leggette, Brashears, & Graham, Inc. 1990); and CRA, 1999], is the presence of VOCs in 

grovmdwater, primarily TCE, PCE, and VCM. PCE and TCE have a broad distribution 

and have been detected in grovmdwater. beneath and downgradient of all three sites. A 

subplume of VCM has been detected in the northwestern portion of the VOC plume in 

the vicinity of MW-52. The development, description, and evaluation of remedial action 

alternatives to address the VCM subplume are described in the following sections of this 

FS. 

In the RI report prepared for Northrop (Geraghty & Miller, Inc. 1994), remedial action 

objectives were identified for grovmdwater. Those objectives included; elimination of 

exposure pathways on and off site by preventing the off-site migration of groundwater 

with elevated chemical presence; monitoring potential off-site receptors and providing 

groundwater tieatment, as necessary, to eliminate exposure; and coordinate the 

Northrop, Navy and Hooker/Ruco remedial actions to prevent the spread of 

grovmdwater with elevated chemical concenttations and/or the duplication of efforts. 

Based on these objectives, and meetings witii the NYSDEC, Nassau County Department 

of Health (NCDOH), BWD, Navy, OxyChem, and Ruco, Northrop proposed and 

implemented a full-scale on-site grovmdwater containment and tteatment remedy as an 

IRM (Northrop IRM) prior to completion of the RGFS. The IRM is designed to prevent 

further migration of groundwater with elevated chemical presence off the three sites, by 

enhancing the hydraulic containment/barrier which already exists due to current 

groundwater pumping arid recharge operations at the Northrop and Navy facilities. In 

addition to the maintained pumping of existing on-site well GP-1, new on-site extiaction 

wells and a tieatment system were installed. The IRM is described in greater detail in 

Section 4.2.2. 

This report is intended to examine alternatives which would er^hance the Northrop IRM 

by addressing the VCM subplume before it reaches the IRM grovmdwater exttaction 

wells. 
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4.1 RATIONALE FOR DEVELOPMENT OF ALTERNATIVES 

Remedial action alternatives have been assembled based on the potential for these 

alternatives to meet the RAOs described in Section3.2.4 of this report. In Sections, 

general response actions and the related remedial technologies were identified and 

discussed to determine the remedial technologies and process options that are most 

suited to VCM tteatment. This section presents the remedial alternatives, selected to 

address the VCM subplume within the VOC plume. The alternatives also address other 

VOCs (PCE, TCE, and TICs) within the subplume. All alternatives comply with the Site 

RAOs, and the requirements of the NCP. 

The remedial alternatives are identified below. Concurrence from EPA was received on 

December 1,1998 as to which alternatives would be compared in this FS. 

• Alternative 1: No Further Action - Northrop IRM (No VCM Treatment); 

• Alternative 2: Enhanced Northrop IRM (Supplemental VCM Treatment if 

Necessary); 

• Alternative 3A: VCM Subplume Containment, Treatment, and Discharge to Achieve 

VCM Mass Reduction; 

• Alternative 3B: VCM Subplume Containment, Treatment, and Discharge to Achieve 

Groundwater ARARs; 

• Alternative 4A: In Situ Treatment of VCM Subplume by ErJianced Aerobic 

Bioremediation; 

• Alternative 4B: In Situ Treatment of VCM Subplume by Chemical Oxidation; and 

• Alternative 4C: In Situ Treatment of VCM Subplume by Biosparging. 

The alternatives have been developed to address the VCM subplume located within the 

regional VOC groundwater plume. Currently, VCM impacted groundwater has been 

detected in the northwestern portion of the VOC plume, and does not appear to have 

migrated south of Northrop production well GP-5. 

4.2 DESCRIPTION OF ALTERNATIVES 

Descriptions of each of the remedial alternatives are presented in this section and 

include general vmit process descriptions. The details provided in this section are 

intended to facilitate the evaluations and comparative analyses perfomved in Section 5.0. 

Actual dimensions, quantities, and equipment types will be identified and selected 
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dviring the remedial design. The seven potentially applicable alternatives identified in 

Section 4.1 are described in the sections that follow. 

4.2.1 ALTERNATIVE 1: NO FURTHER ACTION - NORTHROP IRM 
(NO VCM TREATMENT) 

Alternative 1 includes the continued operation of the Northrop IRM. This includes 

pumping and tteatment (where applicable) of existing Northrop production well GP-1 

and the thiee recently installed exttaction wells (Wells ONCT-1, ONCT-2, and ONCT-3), 

as well as on-site monitoring to address the entire VOC plume. This scenario currently 

meets the RAOs for the area by providing mass removal from the aquifer through 

grovmdwater extiaction and tieatment, and prevents the regional VOC grovmdwater 

plume (including the VCM subplume) from migrating from the Hooker/Ruco, 

Northrop, and Navy properties (see Figure 3.1). Natural attenuation would be used to 

address VOCs not captured by the extiaction wells. Treatment on the downgradient 

public water supply wells has also been provided by Northrop. Treatment for VCM is 

not included as part of the Northrop IRM. It is possible that the VCM may never get to 

the Northrop IRM at concentiations above MCLs and therefore tieatment may never be 

required. Northrop is currently monitoring for VCM at sentinel wells, located upstieam 

of their exttaction wells, to insure that adequate notice of advancing VCM is provided. 

The IRM includes pumping and tieating 1,075 gpm from GP-1 and a total of 2,300 gpm 

from the three recently installed extiaction wells located along the southern boundary of 

the Northrop facility. The well locations are shown on Figvire 4.1. The extiacted 

grovmdwater is conveyed via underground piping toone of two tieatment fadlities. One 

tieatment fadlity is for extiaction well GP-1 and the other for extiaction wells ONCT-1 

through ONCT-3. 

The GP-1 tieatment facility consists of an air stiipper with a 12 inch diameter by 20-foot 

tall stack for removing VOCs from the groundwater via a 5600 cubic feet per minute 

(cfm) blower. Treated water from GP-1 is discharged to Plant Building 5 recharge 

basins. The ONCT tieatment facility consists of a 24-inch diameter by 70-foot tall air 

stiipping tower for removing VOCs from the grovmdwater, and off-gas tieatment for the 

air stiipper discharge. Treated water flows by gravity to a 46,000-gallon dearwell where 

it is either pumped into the existing Northrop distribution system or flows (by gravity) 

to the existing storm sewer line that discharges to existing aeration basins and then to 

the south recharge basins. In either scenario, grovmdwater is eventually discharged to 

the south recharge basins for disposal. By recharging the tieated water into the south 

and Plant 5 recharge basins, a hydraulic barrier to contaminated groundwater is formed 
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throughout the upper portions of the aquifer. When combined with pumpage from the 

on-site production wells and extiaction wells screened in the lower portion of the 

aquifer, the hydraulic barrier on the Northrop property is complete. 

Off-gas from both systems is collected and tieated via vapor phase granular activated 

carbon (VPGAC) beds. VOCs from the air stieam (off gas) are adsorbed by the VPGAC 

beds prior to discharge to the atmosphere. The VPGAC system is regenerated on-site 

using steam, which is available at the Northrop facility. During VPGAC carbon 

regeneration, the steam heats the carbon, releasing adsorbed compovmds, and carrying 

the compounds out with the waste steam. The regeneration steam is then condensed, 

forming a liquid phase which is separated from the water and then collected in drums 

and disposed of off site. The separated water is reinjected into the inlet water line of the 

air stripper for tieatment. 

Alternative 1 antidpates that natural attenuation will be a significant factor in reducing 

the concentiations of chemicals from the Hooker/Ruco Site in the VCM subplvime, but it 

is likely to be slow and may not be completely effective. The Northrop IRM is a pvimp 

and tieat system specifically designed to tieat TCE and PCE, therefore any TCE and PCE 

from the Hooker/Ruco Site that is not degraded by the microbial population present in 

the aquifer will be tieated when it reaches the Northrop IRM. The Northrop IRM is 

capable of tieating VCM in the grovmdwater however the off-gas tieatment system may 

be inadequate to effectively tieat the air stiipper air discharges. The IRM would not 

tteat the TICs, but the TICs consist of orgaruc acids, ketones, and ethers that are readily 

biodegradable and are expected to be utilized by the indigenous microbial population in 

the aquifer. It' is very unlikely that the TICs could reach the Northrop IRM without 

being degraded. The data from the predesign investigation show that TICs are not 

present at MW-52. This suggests that they may have already been degraded upgradient 

of MW-52 and will therefore never influence the IRM tieatment system. 

Alternative 1 relies on the Northrop IRM which is expected to operate for greater than 

50 years. The Northrop RGFS shows that after 30 years of pumping and tieating, the 

TCE concentiation in GP-1 is still on the order of 170 |a.g/L. This is significantly above 

the MCL of 5 |J.g/L. Based on observations at other pumping and tieatment remedial 

actions, the general ttend is for grovmdwater concenttations to initially decrease 

relatively rapidly and then continue to decrease more slowly with time. Thus, it is not 

unreasonable to expect that the IRM may need to pump for at least an additional 

20 years (50 total) to achieve the MCL. Thvis, the operating period is considered very 

long. For consistency, the operating periods of the remedial action alternatives in this FS 

will be classified using the following descriptions: 
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Operating Period x<3 3<x<10 10 = x<30 30 = x<50 x >50 

(Years) 

Descriptor very short short medium long very long 

Computer simulations performed by Northrop and Ox)KZhem show that for 

Alternative 1, VCM may migrate from the area of MW-52 to GP-1 at concentiations 

which require future supplemental tieatment. This alternative does not provide for 

potential supplemental VCM tteatment. 

4.2.2 ALTERNATIVE 2: ENHANCED NORTHROP IRM 
(SUPPLEMENTAL VCM TREATMENT IF NECESSARY) 

Alternative 2 includes the continued operation of the Northrop IRM. This indudes 

pumping and tieatment (where applicable) of existing Northrop production well GP-1 

and the three recentiy installed extiaction wells (Wells ONCT-1, ONCT-2, and ONCT-3) 

as well as on-site monitoring to address the entire VOC plume. In addition, morvitoring 

is included to determine when or if future supplemental tieatment for VCM is 

necessary. This scenario meets the RAOs for the area by providing mass removal from 

the aquifer through groundwater exttaction and tieatment, and prevents the 

groundwater plumes from migrating from the Hooker/Ruco, Northrop, and Navy 

properties (see Figure 3.1). Natural attenuation and tteatment at the downgradient 

public water supply wells would be used to address VOCs not captured by the 

extiaction wells, if any. 

The grovmdwater extiaction, tieatment and discharge methods for the Northrop IRM are 

described in Section 4.2.1. 

Hydrogeologic modeling of the Bethpage regional aquifer was conducted by OxjKZlhem 

to evaluate the extent of VCM migration from the MW-52 area under the influence of the 

Northrop IRM. The details of the hydrogeologic modeling conducted by OxyChem are 

presented in Appendix A. The migration of VCM was simulated imder the steady-state 

groundwater flow conditions associated with the Northrop IRM. The VCM migration 

simulation shows that for Alternative 2, VCM may migrate from the area of MW-52 to 

GP-1 at concentiations which require further supplemental tieatment (see Figure A.3.5 

of Appendix A). Thus, Alternative 2 includes sentry monitoring for VCM at the 

16 locations shown on Figure 4.2. Monitoring is proposed to be performed at ten 

existing wells [MW-52 S, I; and D, MW-53L Dl and D2; GM-121; and GM-23S, I, and D; 

and the two new well nests MW-58 and MW-59. (These wells are discussed in 
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V Section 4.2.3.)]. Well nest MW-52 is the well with the highest VCM concentiation and 

was selected to observe the tiend in VCM concentiations. Well nest MW-53, at which 

VCM has not been detected, was selected to monitor the groundwater west of the VCM 

presence. Wells GM-121, GM-23S, GM-23L GM-23D, MW-58, and MW-59 were selected 

to observe if VCM is migrating southward at concenttations which may require 

supplemental VCM tteatment at GP-1. Northrop well nest GM-72 is already installed in 

the same area as that for proposed well nest MW-59. The installation of VCM sentry 

wells downgradient of GP-2 is not necessary at this time because VCM from the area of 

well MW-52 has not yet migrated to GP-2. The need to install V C M sentry wells 

downgradient of GP-2 would be re-evaluated if VCM is detected in GP-2 at 

concentiations above the MCL value of 2 }ig/L. 

The monitoring frequency would be semi-armual. Semi-armual monitoring is sufficient 

because of the relatively slow rate of VCM migration and would provide adequate lead 

time for the design and installation of supplemental VCM tteatment, if needed, at well 

GP-1. Annual sampling and analysis would then be performed thereafter for a period of 

3 years to observe tiends. The wells to be monitored and the monitoring frequency after 

the 3-year period would be based on observed tiends. 

Well nests MW-52, GM-23, and GM-72 are being moiutored by Northrop as part of the 

Northrop IRM hydraulic and groundwater quality monitoring plan. It is believed that a 

data and cost sharing arrangement for the monitoring of these wells should be arranged 

between OxyChem and Northrop to prevent duplicative activities. 

In addition to the described monitoring, an ongoing plume tiacking program would be 

implemented to monitor the advance of the VCM subplume toward the Northrop IRM. 

If deemed necessary, the advance of the VCM subplume will be compared to the 

modelled results using the groundwater model developed for the regional TVOC plume. 

The plume tiacking efforts will be used to insure that the Northrop IRM effectively 

captures the VCM subplume in its entirety. 

TCE, PCE, VCM, and TICs present in the VCM subplume would be addressed by the 

Northrop IRM as described for Alternative 1 in Section 4.2.1. Because VCM is not 

effectively tieated, the Northrop IRM is affected by this alternative which may require 

the addition of a VCM tieatment component for the air stiipper off-gas. 

Alternative 2 relies on the Northrop IRM which is expected to operate for greater than 

50 years. Thus, the operating period is considered very long. 

I 
6883(18) 54 CoNESTOGA-RovERS & ASSOCIATES 

4 0 0 1 0 7 



I 

I 

4.2.3 ALTERNATIVES 3A AND 3B: VCM SUBPLUME 
CONTAINMENT. TREATMENT. AND DISCHARGE 

Alternatives 3A and 3B both involve pumping grovmdwater from three exttaction wells 

located within the VCM subplume. Alternative 3A corvsists of pvimping and tieating 

groundwater for VCM for approximately 5 years so that supplemental VCM tieatment is 

not required at the Northrop IRM. Alternative 3B consists of pumping and tieating 

grovmdwater for VCM for approximately 30 years to achieve the grovmdwater MCL for 

VCM. Alternatives 3A and 3B are discussed in detail in Sections 4.2.3.1 and 4.2.3.2, 

respectively. 

4.2.3.1 ALTERNATIVE 3A: VCM SUBPLUME CONTAINMENT, 
TREATMENT. AND DISCHARGE FOR VCM MASS REDUCTION 

Alternative 3A involves pumping from the vidnity of MW-52 to remove sufficient VCM 

mass from the present area of elevated VCM presence (northwest portion of VOC 

plume) so that VCM from the MW-52 area will not migrate to the Northrop IRM wells at 

concenttations which would reqviire separate supplemental tieatment in the future. The 

hydrogeologic modeling efforts that have been performed show that irrespective of 

whether GP-2, GP-5, or extiaction wells iristalled in the MW-52 area are pumped, the 

VCM component of the VOC plume is within the capture zone of the Northrop IRM 

(Alternative 1 and 2). Corxsequently, it is expected that all of the VCM will eventually 

reach and be captured by the Northrop IRM wells which are an active component of this 

alternative for the VCM subplume. 

The Air Guide 1 criteria for VCM is 0.02 ng/m^. The VCM groundwater concentiation 

needed to exceed this criteria for a flow rate of 1,100 gpm at GP-1 is calculated to be 

8.3 }Xg/L. This alternative would implement an MW-52 area groundwater extiaction 

system to remove sufficient VCM mass from the MW-52 area such that VCM 

concentiations in grovmdwater extiacted from GP-1 remain below 5 | ig/L in order to 

provide sufficient confidence that the VCM air concentiations at GP-1 would not exceed 

the Air Guide 1 criteria of 0.02 |Xg/m3. 

The MW-52 area system extiaction well layout simulated to determine the effect of 

removing a portion of the VCM mass from the MW-52 area on the VCM concentiations 

at GP-1 was a mviltiple well system consisting of one well (subplume purge well 

SPPW-1) located approximately 500 feet downgradient of MW-52 (where current VCM 

concentiations >1,000 M-g/L) with two additional wells (SPPW-2 and SPPW-3) located 

approximately 1,000 feet downgradient of MW-52 (where current VCM concentiations 
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range between 10 and 100 |xg/L). The proposed extiaction well locations are shown on 

Figure 4.3 and a schematic cross-section is shown on Figure 4.4. Figvire 4.4 shows that 

the elevated VCM presencie is located in depth intervals ranging from approxinvately 100 

to 360 feet bgs. 

The extiaction well locations were selected to ensure that the lateral extent of the 

cross-gradient VCM presence in the MW-52 area (i.e., east-west dimension) would be 

hydraulically contained by the MW-52 area system. The proposed well locations are 

near the area of the highest VCM concenttatiorvs (based on the current information), and 

are appropriate for VCM mass removal. In order to verify that the exttaction wells are 

within the area of highest VCM concerittations aind are appropriate for VCM mass 

removal, the delineation of the VCM subplume will be refined during the Remedial 

Design. The majority of the VCM with concentiations greater than 100 pg /L in this 

aquifer interval will be captured by the MW-52 area wells as shown on the particle 

ttacking figures in Appendix A. These locations also would reduce the mass of other 

chemicals that would be drawn to the MW-52 area wells, and require tieatment at the 

MW-52 area system tteatment facility from the Northrop and Navy sites (e.g., TCE 

= 12000 pg /L at well HN-24I). The depth and locations of SPPW-2 and SPPW-3 were 

selected to extiact VCM which is downgradient of the zone of capture of SPPW-1 to 

provide assurance that GP-1 will not require supplemental VCM tieatment in the future 

because of the VCM from Hve MW-52 area. Pumping SPPW-2 and SPPW-3 at a low rate 

was selected rather than increasing the pumping rate of the upgradient well. Increasing 

the pumping rate of the upgradient well would expeind the east-west width of the 

capture zone which could draw groundwater with elevated TCE/PCE concentiations 

from the Northrop and Navy sites (e.g., from the area of HN-24I). This is not desirable 

as it would spread the TCE/PCE further west and increase the cost of tieatment for the 

MW-52 area system. 

Particle tiacking simulations were conducted for Alternative 3A to evaluate the extent of 

hydraulic containment achieved by the MW-52 area system. The results of the particle 

tiacking simulations are presented in Section 3.3 of Appendix A. Particles were released 

around the limit of the estimated VCM subplume in the shallow (<100 feet bgs), 

intermediate (100 to 180 feet BGS), deep (180 to 270 feet bgs), and very deep (>270 feet 

bgs) aquifer depth intervals. The advective migration of these particles was simulated 

imder the steady-state grovmdwater flow conditions associated with the MW-52 area 

system and the Northrop IRM. The particle tiacking simvilations demonstiate that the 

VCM Subplume Containment system provides hydraulic containment of the shallow, 

intermediate, and deep VCM impacted grovmdwater. The complete hydraulic 

containment of the VCM impact in the very deep zone is not achieved by the MW-52 

area system. Some partides released around the perimeter of the very deep VCM 

6883 (18) 56 CONESTOGA-ROVERS & ASSOCIATES 

400109 



I 

I 

impact migrated beyond the MW-52 area system and were captured by GP-1. As 

described above, the pvirpose of the MW-52 area system for Alternative 3A is to provide 

VCM mass removal, not to provide complete containment of the VCM. 

VCM migration simulations were conducted for Alternative 3A to evaluate the duration 

of pumping from the VCM Subplume Containment system that would be necessary to 

prevent the occurrence of VCM concentiations at GP-1 that exceed 8.3 lig/L. The resvilts 

of the VCM inigration simulations are presented in Section 3.3 of Appendix A. Two 

VCM migration simulations were conducted. The first VCM migration simulation was 

conducted under the influence of pumping both the MW-52 area system and Northrop 

IRM for a duration of 7.5 years, after which time the VCM migration simulation was 

continued to the end of 80 years under the influence of the Northrop IRM pvimping 

only. The second VCM migration simulation was conducted under the influence of 

pumping both the MW-52 area system and Northrop IRM for a duration of 5 years, after 

which time the VCM migration simulation was continued to the end of 80 years under 

the influence of the Northrop IRM pumping only. For the 7.5-year MW-52 area system 

pumping duration, the simulated VCM concentiation at GP-1 remains below a 

concenttation of 5 Jvg/L (i.e. 4.7 |Xg/L). For the 5-year MW-52 area system pumping 

duration, the simulated VCM concentiation at GP-1 marginally exceeds a concenttation 

of 5 }ig/L (i.e. 5.2 |Xg/L). Thus, operating the MW-52 area system for five years achieves 

the concentiation objectives at GP-1. 

The area of VCM presence shown on Figures 3.1 and 3.2 was determined based on 

analytical results from groundwater samples colleded in April and May 1996. It is likely 

that the VCM has migrated further to the south since that time. Thus, as part of 

Alternative 3A two new well nests consisting of a shallow, intermediate, and deep well 

at each nest (i.e., MW-58 and MW-59) would be installed at the locations shown on 

Figure 4.5 to confirm the southerly extent of VCM presence. This infonnation would be 

used to ensure that the MW-52 area extiaction wells are properly located. The wells 

would be sampled after they were installed, so that the appropriate intervals to be 

screened by the individual monitoring wells in each well nest can be determined. 

VCM sentry morutoring is proposed to be performed at ten existing wells (MW-52S, 

I, and D; MW-53I; Dl and D2; GM-121; and GM-23S, 1, and D; (see Figure 4.2) and tive 

two new well nests (MW-58 and MW-59). Well nest MW-52 is the well with the highest 

VCM concenttation and was selected to observe the tiend in VCM concentiations. Well 

nest MW-53, at which VCM has not been detected, was selected to monitor the 

groundwater west of the VCM presence. WeUs GM-121, GM-23S, GM-23I, GM-23D, 

MW-58, and MW-59 were selected to observe if VCM is migrating southward beyond 

the VCM source contiol wells at concentiations which may require supplemental VCM 
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tieatment at GP-1. The monitoring frequency will be the same as that described in 

Section 4.2.2 for Alternative 2 (semi-annual). 

Construction of the tieatment plant and recharge basin in the vicinity of the SPPW 

extiaction wells is preferable, however, space and access requirements may require that 

the facilities be built at the Hooker/Ruco Site. Thus, the costs have been estimated with 

the assumption that the Hooker/Ruco Site location will be utilized. It is proposed to 

locate the tieatment facility for the MW-52 area system in the southwest comer of the 

Hooker/Ruco Site, and discharge the tieated water to either an on-site recharge basin to 

be constiucted in the northwest portion of the Site (see Figure 4.6) or to an existing 

recharge basin. 

Alternative 3A discussed herein describes a pvimping" alternative consisting of the 

installation of exttaction wells in the vidnity of MW-52, to be operated in conjunction 

with the Northrop IRM, to address the VCM subplume. Two other pvimping scenarios, 

identified as using existing extiaction wells "GP-2" and "GP-5", were also evaluated, but 

for the reasons identified below were eliminated in favor of the MW-52 area system. 

Both the GP-2 and GP-5 scenarios consisted of continued operation of the Northrop IRM 

with additional pumping from GP-2 or GP-5 to address the VCM subplume. 

Neither the GP-2 nor GP-5 scenario is required for hydraulic conttol of the VCM 

subplume. Computer modeling perforrhed shows that the Northrop IRM (ONCT-1, 

ONCT-2, OWCT-3 and GP-1) contains all of the regional VOC plume and tivus conttols 

the VCM subplume. Therefore, similar to the MW-52 area system, the only purpose of 

pumping GP-2 or GP-5 would be to prevent the further southerly migration of VCM 

from the area of MW-52. 

Computer modeling and costing was performed for three pumping scenarios; one for 

GP-2, (700 gpm), and two for GP-5 (700 gpm and 975 gpm). Particle tiacking was 

performed to determine the effect that varying pumping rates at GP-2 (i.e. in the range 

from 500 to 1,000 gpm) would have on the western extent of capture. The simvdation 

results show that pumping GP-2 at 700 gpm best prevents the further migration of VCM, 

reinforces the western extent of capture and prevents supplemental VCM tieatment 

from being required at GP-1. 

The estimated present worth costs (capital and O&M costs) for the three pvimping 

scenarios, and the MW-52 area system are summarized below: 

I 
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Pumping Scenario Estimated Present Worth Cost 

GP-2 (700 gpm) $5,680,000 

GP-5 (700 gpm) $13,140,000 

GP-5 (975 gpm) $15,710,000 

MW-52 (600 gpm) $5,912,000 to $6,119,000 

The GP-5 (700 gpm) scenario has lower costs than the GP-5 (975 gpm) scenario because 

of the lesser water volume requiring tteatment. The VCM tteatment timeframes are 

similar for both GP-5 alternatives (i.e. 40 years). The GP-5 (700 gpm) is also equally 

protective. Due to the fact that the GP-5 (700 gpm) scenario is more cost efficient, the 

GP-5 (975 gpm) pumping scenario was eliminated from further consideration. 

Obviously the GP-2 scenario is more cost effective than either of the GP-5 pumping 

systems. There are also the following additional benefits: 

i) pumping GP-2 at 700 gpm will remove 25 lbs/day of chemicals as soon as 

pumping is started as compared to 2.8 lbs/day for a GP-5 700 gpm scenario (this 

is due to the proximity of GP-2 to the elevated TCE plume); and 

ii) GP-2 is located more directly downgradient of the HN-24 TCE source whereas if 

GP-5 were pumped, the TCE would be drawn to the west and unnecessarily be 

draw^n throughout more of the aquifer. 

Thus, the GP-5 (700 gpm) pumping scenario was not retained for further evaluation. 

The GP-2 scenario was then compared to the MW-52 area system. 

The maximum allowable VCM concentiation in grovmdwater from GP-2, prior to 

exceeding the Air Guide 1 criteria for a flow rate of 700 gpm was calculated to be 

15 M^g/L. Using this concentiation, the computer simulations indicate the time period 

for supplemental VCM tteatment is estimated to start in approximately 28 years, and 

will be required for a period of 5 years. 

In accordance with the NCP (40 CFR 300.430) there are nine criteria (see Section 5.0) that 

must be evaluated as part of an FS. These are: 
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NA 

NA 

AfW-52 GP-2 

Overall Protection of Human Health and the Environment 

Compliance with ARARs 

Long-Term Effectiveness and Permanence 

Reduction of Toxicity, Mobility or Volume Throiigh Treatment 

Short-Term Effectiveness 

Implementability 

Cost 

Agency Acceptance 

Community Acceptance 

Note: NA-Not Applicable at this stage of the FS. 

A comparison of the two pumping alternatives (GP-2 and MW-52) versus the nine 

criteria is shown above. A "check" indicates that the alternative meets the criteria or is 

more favorable than the other alternative. 

Of these nine criteria, the threshold criteria are considered to be the following: 

i) overall protection of human health and the envirorunent; and 

ii) compliance with ARARs. 

Thus, the GP-2 and MW-52 pumping options were compared against these two criteria. 

As shown on the summary table, both of the pumping options achieve the two threshold 

criteria. However, because the MW-52 system involves removal and tieatment of VCM 

as soon as constiuction is complete, the ARARs (with respect to VCM) would be 

achieved more quickly. Additionally, greater protection to human health and the 

environment is offered by the MW-52 system because the VCM concentiations are 

reduced within 7.5 years as compared to 33 years. Thus, the MW-52 pumping system 

was selected for inclusion in this FS. 

Alternative 3A also addresses the TCE, PCE, and TICs present within the VCM 

subplume. Pumping from within the VCM subplume in the vicinity of MW-52 would 

intercept and remove TCE, PCE, and TICs (if any) from the aquifer. As stated in 

Section 4.2.1, data from the predesign investigation show that TICs are currentiy not 
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present at MW-52. The pretieatment system (likely air stripping) would address the 

TCE and PCE, however, most of the TICs (if any were present) are too water soluble to 

be removed by air stripping. The TICs (if any) recharged to the aquifer in the tieated 

water would be subject to additional microbial degradation dviring their second 

southerly'passage through the aquifer from the Hooker/Ruco site to the vicinity of 

MW-52. Any increase in TIC concentiation would stimulate an equivalent increase in 

the microbial population and thus in-situ tieatment of TICs would remain effective. 

This alternative is designed to reduce the VCM concenttations in the VCM subplume 

such that VCM tteatment will not be required to be added to the Northrop IRM. Thus 

this alternative does not affect the operation of the Northrop IRM, but does however, 

rely on it. The role of the Northrop IRM in Alternative 3A is that of a backup system. It 

wiU protect against the migration of VCM (above MCLs) beyond the IRM extiaction 

wells to the downgradient public water supply wells. 

The pump and tieat component of Alternative 3A that is being used for mass removal of 

VCM is expected to operate for 5 years. Thus, the operating period for this component is 

considered short. The pump and tieat component of Alternative 3A which will be 

provided by the Northrop IRM will operate for 50 years. This is defined as very long. 

4.2.3.2 ALTERNATIVE 3B: VCM SUBPLUME CONTAINMENT, 
TREATMENT, AND DISCHARGE TO ACHIEVE 
GROUNDWATER ARARs 

Alternative 3B is essentially the same as Alternative 3A, with the exception that the 

MW-52 area system will operate until the VCM concentiation in the vicinity of MW-52 

(i.e., at SPPW-1) achieves the MCL of 2 pg/L for VCM. Additionally, tive MW-52 area 

system will prevent the migration of VCM with concentiations above the MCL beyond 

SPPW-2 and SPPW-3. The tieatment methodology selected and tieated groimdwater 

disposal method will be the same as for Alternative 3A. 

VCM simulations were conducted for Alternative 3B to evaluate the MW-52 area system 

pumping rates required to prevent VCM migration beyond SPPW-2 and SPPW-3 at 

levels greater than the MCL. The results of the VCM migration simulations are 

presented in Section 3.4 of Appendix A. It was determined that pumping rates of 

250 gpm were required from both SPPW-2 and SPPW-3, in conjunction with a 500 gpm 

pumping rate from SPPW-1, to contain VCM within the MW-52 area. The VCM 

simulation demonstiated that the VCM concentiations in the MW-52 area are reduced to 

levels below the MCL in approximately 30 years. VCM concentiations significantly 
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above the MCL did not migrate downgradient of SPPW-2 or SPPW-3. By containing the 

VCM within the MW-52 area, supplemental VCM tieatment is not reqviired at GP-1. The 

same VCM monitoring program including frequencies described for Alternative 3A 

would be applied for Alternative 3B. 

TCE, PCE, and TICs would be addressed as described for Alternative 3A. The longer 

pumping duration would be more effective in addressing any possible PCE, TCE and 

TICs remaining in the aquifer. 

This alternative reduces VCM concenttations such that MCLs are achieved and thus 

VCM tieatment will not be required to be added to the Northrop IRM. Thus this 

alternative does not affect the operation of the Northrop IRM and does not rely on it as a 

part of the remedy. 

Alternative 3B is expected to operate for approximately 30 years. Thus, the operating 

period is considered long. 

4.2.4 IN SITU TREATMENT OF VCM SUBPLUME 

Alternatives 4A, 4B, and4C all involve tieatment of the VCM subplume by in situ 

methods. For all three alternatives, VCM tteatment will be performed vmtil VCM 

concentiations are reduced so that supplemental VCM tteatment will not be required at 

the Northrop IRM. The three alternatives are: 

Alternative 4A - Enhanced Aerobic Bioremediation; 

Alternative 4B - Chemical Oxidation; and 

Alternative 4C - Biosparging. 

Alternatives 4A, 4B, and 4C are discussed in detail in Sections 4.2.4.1, 4.2.4.2, and 4.2.4.3, 

respectively. 

As presented in Section 3.4.4.7, all of the in situ alternatives in this FS are discussed with 

respect to the use of vertical wells as the injection delivery system. 

A full scale in situ tieatment system would be constructed in stages. The first stage 

would be a limited series of injection wells and monitoring wells which would be used 

to test and refine the injection parameters. The initial operation of the first stage will 

confirm design parameters such as injection well spacing, injection material ratios and 
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operating pressvires. This staged approach would lead to the implementation of the full 

scale system using the design refinements obtained from the first stage installation. 

Preliminary evaluation has shown biosparging to be the most likely in situ tieatment to 

be used. The first stage of the biosparging remediation process was described in detail 

in a June 11,1999 letter "Proposed Predesign Investigation Activities, Hooker/Ruco Site 

Operable Unit-3", specifically in Attachment A of said letter "Phase I Interim Remedial 

Measure Plan". The following is a brief summary of the Jvme 11 letter. 

The first stage testing of the biosparging technology will consist of the following tasks: 

Task 1 Well Construction 

Task 2 Preliminary Testing using Existing Wells 

Task 3 Operation and Evaluation of the Phase I IRM Biosparging System 

Task 1 is the installation of grovmdwater and vadose zone monitoring wells and the two 

injection wells. The groundwater monitoring wells will monitor multiple intervals to 

better correlate the VCM distribution within the Site's hydrogeologic character. 

Following the installation and groundwater sample collection and analysis of the first 

five grovmdwater monitoring wells and the preliminary testing described in Task 3, the 

remaining two grovmdwater monitoring wells will be installed in conjunction with the 

installation of the two injection wells. 

The primary intent of Task 2 will be to estimate the pneumatic properties of the 

formation by measuring sparge pressure and air flowrate and by conducting helivim 

tiacer testing. Dissolved oxygen (DO) in grovmdwater and oxygen and carbon dioxide 

in soil vapor (O2/CO2) will also be monitored to allow a preliminary assessment of the 

ability of sparging to oxygenate groundwater and to increase respiration rates in the 

vadose zone. The most effective way to obtain the necessary data is through the use of 

existing wells to gain as much site-specific knowledge as possible before initiating any 

injection well construction program. 

Task 3 will utilize the constructed wells to initially evaluate biosparging. This testing 

will provide information on air injection parameters and also will provide full-scale 

assessment of the effectiveness of a biosparging system. This assessment will in turn 

guide the selection, construction, and operation of a possible final systern. While the 

assessments are going on, the testing will provide the added benefit of actively 

remediating a portion of the VCM subplume. Chemical data will be collected during 

this phase to determine how effective this technology is as a remedy. 
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The schedule submitted with the Jime 11 letter shows that the above tasks would be 

completed in approximately eight months after approval from the USEPA. The benefits 

of performing the first stage testing under actual field conditions includes: 

i) Better Hydrogeologic Information and VCM Subplume Definition: 

ii) Immediate VCM Concenttation Reductions: 

Because the injection locations would be within the VCM subplume, the first 

stage testing would immediately result in actual VCM concenttation decreases in 

the aquifer; and 

iii) Cost Savings: 

The first stage testing injection locations would be incorporated in the full scale 

tteatment system, thus eliminating duplicate drilling efforts. 

4.2.4.1 ALTERNATIVE 4A: IN SITU TREATMENT OF VCM 
SUBPLUME BY ENHANCED AEROBIC BIOREMEDIATION 

Alternative 4A involves reducing the VCM subplume concentiations by enhanced 

aerobic bioremediation. Similar to Alternative 3A, VCM concenttations would be 

reduced to levels such that supplemental VCM tieatment is not required for the 

Northrop IRM. Enhanced aerobic bioremediation would be performed by injecting the 

necessary inorganic sources of nittogen and phosphorous, along with suitable carbon 

sources (methane, etc.) to enhance the growth and metabolic activities of indigenous 

microbial populations and subsequentiy the degradation of VCM in the affected aquifer 

interval (approximately 250 to 360 feet bgs). The addition of nutrients to stimulate the 

microbial population will also enhance the degradation of TCE, PCE, and TICs. 

Therefore, this alternative will also effectively tieat TCE, PCE, and TICs. 

This alternative is designed to reduce VCM concentiations, to the point that 

supplemental tieatment for VCM at the Northrop IRM is not required. VCM tteatment 

could still be added to the Northrop IRM if the residual VCM concentiations did not 

continue to reduce as planned before the grovmdwater reaches GP-1. In addition, since 

PCE and TCE are slow to degrade in aerobic conditions, the Northrop IRM may be 

needed to address chemicals other than just the residual VCM. Thus, this alternative 

may potentially affect the operation of the Northrop IRM. As a result, the Northrop IRM 

is considered to be an active component of the remedy for the VCM subplume. It will 

protect against the migration of VCM and other VOCs present (above MCLs) beyond the 

IRM extiaction wells to the downgradient public water supply wells. 

I 
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As discussed in Section 3.4.4.7, vertical monitoring wells have been selected at this time 

to serve as the injection system for the in situ tieatment options. For liquid injections 

(alternatives 4A and 4B) it is proposed to install 15 vertical injection location points 

throughout the VCM subplume. Nine injection locations would be installed in an 

east/west line near the southern plume boundary and would serve primarily as 

'polishing' locations to ensure tieatment goals are achieved. The other six injection 

locations would be interspersed throughout the area of elevated VCM concenttations. 

For gas injections (alternative 4C) 12 vertical injection points would be needed, six 

locations would be installed in an east/west line across the southern plume boundary 

and six injection locations would be interspersed throughout the area of elevated VCM 

concenttations. Proposed injection locations for Alternatives 4A and 4B, are shown on 

Figure 4.7 and proposed injection locations for Alternative 4C are shown on Figure 4.8. 

Both liquids (Alternative 4A and Alternative 4B) and gas (Alternative 4C), can be 

delivered to the VCM affected portion of the aquifer using vertical wells. For liquid 

injection, a ttuck would be purchased and each of the 15 injection locations would be 

used periodically (i.e., monthly, bimonthly, quarterly) for injections. For gas injections, 

the injection locations would be connected together to a few centtalized locations. The 

gas would be injected into the wells using a compressor at the centialized locations. 

Because VCM is best degraded under aerobic conditions, it may be necessary to increase 

the concentiations of dissolved oxygen in the grovmdwater. This would be achieved by 

biosparging and/or the use of intercepting socks containing oxygen releasing 

compounds. As previously mentioned, neither PCE nor TCE degrade rapidly under 

aerobic conditions, therefore the Northrop IRM will be relied upon as an active 

component of the remedial system to tieat any residual PCE, TCE, and VCM that is not 

tteated by this alternative. 

Similar to the other alternatives, sentry monitoring for VCM will be required for 

Alternative 4. VCM sentry monitoring is proposed to be performed at ten existing wells 

(MW-52 S, I, and D; MW-53I; Dl and D2; GM-121; and GM-23S, I, and D; (see Figure 4.2) 

and the two new well nests (MW-58 and MW-59). Well nest MW-52 is the well with the 

highest VCM concentiation and was selected to observe the tiend in VCM 

concenttations. Well nest MW-53, at which VCM has not been detected, was selected to 

monitor Ave groimdwater west of the VCM presence. Wells GM-121, GM-23S, GM-23L 

GM-23D, MW-58, and MW-59 were selected to observe if VCM is migrating southward 

beyond the VCM source contiol wells at concentiations which may require 

supplemental VCM tieatment at GP-1. The sampling frequency will be the same as that 

described in Section 4.2.2 for Alternative 2. 
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As previously stated, the design would be implemented in stages to fine tune the final 

injection and delivery system prior to implementing a fvill scale version of 

Alternative 4A. Since the VCM subplume is only migrating at a rate of approximately 

60 feet per year, there is a window of opportvinity in which to complete the remediation 

in these appropriate stages. 

The in situ component of Alternative 4A that is being used for mass removal of VCM is 

expected to operate for 7 to 10 years. Thus, the operating period for this component is 

short to medium. The pump and tteat component of Alternative 4A which w îll be 

provided by the Northrop IRM will operate for 50 years. This is defined as very long. 

4.2.4.2 ALTERNATIVE 4B: IN SITU TREATMENT OF VCM 
SUBPLUME BY CHEMICAL OXIDATION 

Alternative 4B involves significantiy reducing the VCM subplume concentiations, to 

approximately 40 |Xg/L, in the immediate vicinity of MW-52 (i.e., center of plume) by 

chemical oxidation. It is expected that chemical oxidation will be most effective to 

reduce chemical concentiation to a level of approximately 100 |Xg/L. Below this 

concentiation, it may be necessary to use enhanced aerobic bioremediation to reduce the 

VCM concentiations to approximately 40 fig/L. Similar to Alternatives 3A and 4A, 

VCM concentiations would be reduced to levels such that supplemental VCM tieatment 

is not required for the Northrop IRM. If required, the enhanced aerobic bioremediation 

phase would occur near the south end of the VCM subplume using the nine 'polishing' 

locations, as described in Section 4.2.4.1. Chemical oxidation would be performed by 

injecting potassium permanganate into the affected aquifer interval, approximately 250 

to 360 feet bgs, in the middle of the VCM subplume, where VCM concentiations are 

highest (on the order of 1,000 |Xg/L). The pvirpose of utilizing chemical oxidation prior 

to enhanced aerobic bioremediation is to sigiuficantly reduce the VCM concenttations in 

the center of the VCM subplume. The permanganate solution would be intioduced into 

the aquifer using the 15 vertical monitoring injection locations discussed in 

Section 4.2.4.1. 

The chemical oxidants will oxidize all organic compounds present, therefore, this 

alternative will also effectively tteat TCE, PCE, and any TICs present that come in 

contact with the potassium permanganate. 

This alternative is designed to reduce VCM concentiations, to the point that 

supplemental tieatment for VCM at the Northrop IRM is not required. VCM tteatment 

could still be added to the Northrop IRM if the residual VCM concenttations did not 
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continue to reduce as planned before the grovmdwater reaches GP-1. Thus, this 

alternative may potentially affect the operation of the Northrop IRM. As a result, the 

Northrop IRM is considered to be an active component of the remedy for the VCM 

subplume. It will protect against the migration of VCM and other VCXls present (above 

MCLs) beyond the IRM extiaction wells to the downgradient public water supply wells. 

The actual spreading of permanganate through the formation would be impacted by the 

effects of local-scale heterogeneities in the aquifer (i.e., inter-layered and discontinuous 

clay lenses), the density effects on the migration of permanganate in the aqviifer and the 

amount of carbon compounds in the formation. While modeling could be used to 

estimate the extent of permanganate migration, this would be best measured in the field 

under actual conditions. 

One concern with the use of potassium permanganate is the impact of the tiace levels of 

metal impurities in the potassium permanganate on the groundwater. As part of the 

remedy for another component of the Hooker/Ruco Site (i.e.. Operable Unit 1), it is 

planned to perform soil colvimn tests to determine the solubility and the mobility of the 

metals present in potassivim permanganate through the aquifer soils. The results of the 

tests will be used to evaluate the impact of the use of potassium permanganate on 

metals concenttations in the grovmdwater. It is expected that the metals will be 

adsorbed relatively quickly and will not be a concern. 

Similar to the other alternatives, sentry monitoring for VCM will be required for 

Alternative 4B. VCM sentry monitoring is proposed to be performed at ten existing 

wells (MW-52S, Land D; MW-53I; Dl and D2; GM-121; and GM-23S, 1, and D; (see 

Figure 4.2) and the two new well nests (MW-58 and MW-59). Well nest MW-52 is the 

well with the highest VCM concenttation and was selected to observe the ttend in VCM 

concenttations. Well nest MW-53, at which VCM has not been detected, was selected to 

morutor ihe groundwater west of the VCM presence. Wells GM-121, GM-23S, GM-23L 

GM-23D, MW-58, and MW-59 were selected to observe if VCM is migrating southward 

beyond the VCM source conttol wells at concenttations which may require 

supplemental VCM tieatment at GP-1. The sampling frequency will be the same as tiiat 

described in Section 4.2.2 for Alternative 2. 

As previously stated, the design would be implemented in stages to fine tune the final 

injection and delivery system prior to implementing a full scale version of 

Alternative 4B. Since the VCM subplume is only migrating at a rate of approximately 

60 feet per year, there is a window of opportunity in which to complete the remediation 

in these appropriate stages. 
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The in situ component of Alternative 4B that is being used for mass removal of VCM is 

expected to operate for 3 to 5 years. Thus, the operating period for this component is 

very short. The pump and tieat component of Alternative 4B which will be provided by 

the Northrop IRM wiU operate for 50 years. This is defined as very long. 

4.2.4.3 ALTERNATIVE 4C: IN SITU TREATMENT OF VCM SUBPLUME 
BY BIOSPARGING 

Alternative 4C involves reducing the VCM subplume concenttations by biosparging. If 

deemed necessary, the VCM concentiations could be further reduced, by enhanced 

bioremediation following the biosparging tieatment. Similar to Alternatives 3A, 4A, and 

4B, VCM concentiations would be reduced to levels such that supplemental VCM 

tteatment is not reqviired for the Northrop IRM (i.e., on the order of 40 fig/L). If 

required, the enhanced bioremediation phase wovild occvir near the south end of the 

VCM subplume, as described in Section 4.2.4.1 using the six 'polishing' locations. 

Biosparging would be performed by injecting air into the affected aquifer interval, using 

the 12 vertical injection locations. Reduction of the VCM subplume concentiations by 

biosparging can be enhanced with injection of nutrients to promote aerobic degradation. 

This alternative utilizes biosparging to tieat VCM. Biosparging is the intioduction of 

oxygen into the aqviifer to enhance aerobic conditions and increase the microbial 

population. Aerobic conditions will result in an increased microbial population which 

will also enhance the degradation of the TICs. Aerobic conditions would not enhance 

the degradation of TCE and PCE therefore the effect of biosparging on TCE and PCE 

will be limited. The Northrop IRM is a pump and tieat system designed to tteat TCE 

and PCE, therefore, any residual TCE and PCE from the Hooker/Ruco Site remairung in 

the aquifer will be tieated when captured by the Northrop IRM. 

This alternative is designed to reduce VCM concentiations, to the point that 

supplemental tieatment for VCM at the Northrop IRM is not reqviired. VCM tieatment 

could still be added to the Northrop IRM if the residual VCM concentiations did not 

continue to reduce as planned before the groundwater reaches GP-1. In addition, since 

PCE and TCE are slow to degrade in aerobic conditions, the Northrop IRM may be 

needed to address chemicals other than just the residual VCM. Thus, this alternative 

may potentially affect the operation of the Northrop IRM. As a result, the Northrop IRM 

is considered to be an active component of the remedy for the VCM subplume. It will 

protect against the migration of VCM and other VOCs present (above MCLs) beyond the 

IRM extiaction wells to the downgradient public water supply wells. 
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As with Alternative 4B, the actual spreading of air through the formation would be 

impacted by the effects of local-scale heterogeneities in the aquifer (i.e., inter-layered and 

discontinuous day lenses). While modeling could be used to estimate the extent of air 

dispersion, this would be best measured in the field, under actual conditions as 

proposed in the June 11,1999 letter. 

As to the other alternatives, sentry monitoring for VCM will be required for 

Alternative 4C. VCM sentry monitoring is proposed to be performed at ten existing 

wells (MW-52 S, I, and D; MW-53I; Dl and D2; GM-121; and GM-23S, I, and D; (see 

Figure 4.2) and the two new well nests (MW-58 and MW-59). Well nest MW-52 is the 

well with the highest VCM concentiation and was selected to observe the tiend in VCM 

concenttations. Well nest MW-53, at which VCM has not been detected, was selected to 

monitor tiie groundwater west of Ave VCM presence. Wells GM-121, GM-23S, GM-23L 

GM-23D, MW-58, and MW-59 were selected to observe if VCM is migrating southward 

beyond the VCM source contiol wells at concenttations which may require 

supplemental VCM tteatment at GP-1. The sampling frequency will be the same as that 

described in Section 4.2.2 for Alternative 2. 

As previously stated, the design would be implemented in stages to fine tune the final 

injection and delivery system prior to implementing a full scale version of 

Alternative 4C. Since the VCM subplume is only migrating at a rate of approximately 

60 feet per year, there is a window of opportunity in which to complete the remediation 

in these appropriate stages. 

The in situ component of Alternative 4C that is being used for mass removal of VCM is 

expected to operate for approximately 3 years. Thus, the operating period for this 

component is very short. The pump and tteat component of Alternative 4C which will 

be provided by the Northrop IRM will operate for 50 years. This is defined as very long. 
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5.0 DETAILED ANALYSIS OF ALTERNATTVES 

5.1 INTRODUCTION 

This section presents an evaluation of each alternative with respect to the criteria of the 

NCP of 40 CFR Part 300, as revised in 1990. The criteria as required by tiie NCP and the 

relative importance of these criteria are described in the following subsections. 

5.1.1 EVALUATION CRITERIA 

The evaluation criteria according to the NCP (40 CFR 300.430) are as follows: 

Overall Protection of Human Health and the Environment 

Alternatives must be assessed for adequate protection of human health and 

envirorunent in both short and long term, from vmacceptable risks posed by hazardous 

substances, or chemicals present at the site by eliminating, reducing, or conttoUing 

exposure to levels exceeding remediation goals. Overall protection draws on the 

assessments of other evaluation criteria, especially long-term effectiveness and 

permanence, short-term effectiveness, and compliance with ARARs. 

Compliance with ARARs 

Alternatives must be assessed to determine whether they attain ARARs under federal 

envirorunental laws and state environmental or facility siting laws. If one or more 

regulations that are applicable carmot be complied with, then a waiver must be invoked. 

Grounds for invoking a waiver would depend on the following: 

• the alternative is an interim measure and will become part of a total remedial action 

that will attain tiie ARAR; 

• compliance will result in greater risk to human health and the environment; 

• compliance is technically impracticable from an engineering perspective; 

• the alternative will attain a standard of performance that is equivalent to that 

reqviired under the otherwise applicable standard, requirement, or limitation 

through use of another method or approach; 

• a state requirement has not been consistentiy applied, or the state has not 

demonstiated the intention to consistently apply the promulgated requirement in 

similar circumstances at other remedial actions within the state; and 
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• for Fimd-financed response actions only, an alternative that attains the ARAR will 

not provide a balance between the need for protection of human health and the 

environment at the site and the availability of Fund monies to respond to other sites 

that may present a threat to human health and the environment. 

Long-term Effectiveness and Permanence 

Alternatives must be assessed for the long-term effectiveness and permanence they 

offer, along with the degree of certainty that the alternative will prove successful. 

Factors that shall be considered as appropriate include the following: 

Magnitude of Residual Risk: 

Risk posed by vmtieated waste or tieated waste residuals at the conclusion of remedial 

activities. The characteristics of residuals should be considered to the degree that they 

remain hazardous, taking into account their volume, toxicity, mobility, and propensity 

to bioaccumulate. 

Adequacy and reliability of contiols: 

Contiols such as containment systems and institutional contiols that are necessary to 

manage tteatment residuals and untteated waste must be shown to be reliable. In 

particular, the uncertainties associated with land disposal for providing long-term 

protection from residuals; the assessment for the potential need to replace technical 

components of the alternative such as a cap, a slurry wall, or a tieatment system; and the 

potential exposure pathways and risks posed should the remedial action need 

replacement. 

Reduction of Toxicity, Mobility, or Volume through Treatment 

The degree to which the alternative employs recycling or tieatment that reduces the 

toxicity, mobility, or volume shall be assessed, including how tieatment is used to 

address the principal threats posed by the site. Factors that shall be considered, as 

appropriate, include the following: 

• the tieatment or recycling processes the alternative employs and the materials that 

they will tieat; 

• the amount of hazardous substances, pollutants, or chemicals that will be destioyed, 

tteated, or recycled; 
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• the degree of expected reduction in toxidty, mobility or volume of waste due to 

tieatment or recycling and the specification of which reduction(s) are occurring; 

• the degree to which the tteatment is irreversible; 

• the type and quantity of residuals that will remain following tieatment considering 

the persistence, toxicity, mobility, and propensity to bioaccumulate of such 

hazardous substances and their constituents; and 

• the degree to which tteatment reduces the inherent hazards posed by principal 

threats at the site. 

Short-Term Effectiveness 

The short-term impacts of the alternative shall be assessed considering the following: 

• short-term risks that might be posed to the community during implementation; 

• potential impacts on workers during remedial action and the effectiveness and 

reliability of protective measures; 

• potential environmental impacts of the remedial action and the effectiveness and 

reliability of mitigative measures during implementation; and 

• time vmtil protection is achieved. 

Implementability 

The ease or difficulty of implementing the alternatives shall be assessed by considering 

the following types of factors, as appropriate: 

• technical feasibility, including technical difficulties and unknov^ms associated with 

the construction and operation of a technology, the reliability of the technology, ease 

of undertaking additional remedial actions, eind the ability to morutor the 

effectiveness of the remedy; 

• administiative feasibility, including activities needed to coordinate with other offices 

and agencies and the ability and time required to obtain any necessary approvals 

and permits from other agencies (for off-site actions); and 

• availability of services and materials, including the availability of adequate off-site 

tieatment, storage capacity, and disposal capacity and services; the availability of 

necessary equipment and spedalists, and provisions to ensure any necessary 

additional resources; the availability of services and materials; and availability of 

prospective technologies. 
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Cost 

Capital costs shall include both direct and indirect costs. Annual O&M costs shall be 

provided. A net present value of the capital and O&M costs shall also be provided. 

T5:pically cost estimate accuracy range is plus 50 percent to minus 30 percent. 

Agency Acceptance 

The state and federal agency concerns that must be assessed include tiie following: 

• the agencies' position and key concerns related to the preferred alternative and other 

alternatives; and 

• agency comments on ARARs or the proposed use of waivers. 

These concerns cannot be fully evaluated at this time vmtil the agencies have reviewed 

and commented on the OU-3 RI Report and this FS. 

Community Acceptance 

This assessment consists of responses of the community to the proposed plan. This 

assessment includes determining which components of the alternatives interested 

persons in the community support, have reservations about, or oppose. This assessment 

can be done after comments on the proposed plan are received from the public. 

5.1.2 RELATIVE IMPORTANCE OF CRITERIA 

Among the nine criteria, the threshold criteria are considered to be the following: 

• overall Protection of Human Health and the Environment; and 

• compliance with ARARs (excluding those that may be waived). 

The threshold criteria must be satisfied in order for an alternative to be eligible for 

selection. 

Among the remaining criteria, the following five criteria are considered to be the 

primary balancing criteria: 
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• long-term effectiveness and permanence; 

• reduction of toxicity, mobility and volume; 

• short-term effectiveness; 

• implementability; and 

• cost. 

The balancing criteria are used to weigh the relative merits of alternatives. 

The remaining two of the nine criteria, namely Agency Acceptance and Community 

Acceptance are considered to be modifying criteria that must be considered during 

remedy selection. These last two criteria can be evaluated after the document has been 

reviewed by the EPA and State and the proposed plan has been discussed in a public 

meeting with the BWD community. Therefore, this document addresses only seven out 

of the nine criteria. 

5.1.3 SELECTION OF REMEDY 

The selection of a remedy is a two-step process. The first step consists of identification 

of a preferred alternative and presentation of the alternative in a proposed plan to the 

EPA and then to the BWD commvmity for review and comment. The preferred 

alternative must meet the following criteria: 

• protection of human health and the environment; 

• compliance with ARARs unless a waiver is justified; 

• cost effectiveness in protecting human health and environment and in complying 

with ARARs; and 

• utilization of permanent solutions and alternate tteatment technologies or resource 

recovery technologies to the maximum extent practicable. 

The second step consists of the review of the comments and determination of whether 

the preferred alternative continues to be the most appropriate remedial action for the 

site, in consultation with the EPA and State. 
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5.2 DETAILED ANALYSIS 

5.2.1 ALTERNATIVE 1: NO FURTHER ACTION -
NORTHROP IRM (NO VCM TREATMENT) 

Alternative 1 is a no further action remedial alternative that would include no pumping 

and/or tieating of groundwater and no monitoring of municipal well fields other than 

those pumping and monitoring programs currently in place. For the purposes of this 

assessment it is assumed that no VCM tieatment would be put in place at the Northrop 

IRM. 

Overall Protection of Human Health and the Environment 

Alternative 1 would provide no additional protection to human health from migration 

of VCM from the MW-52 area. The BWD wells currentiy being tteated would continue 

to be tieated, thus continuing to,protect those well users. No additional groundwater 

monitoring would be performed to assess the migration of the VCM subplume other 

than those currently in place for the Northrop IRM. This alternative provides no 

protection to the Northrop IRM beyond the sentry monitoring program which checks 

upon the progression of the VCM subplviine toward the Northrop IRM wells and 

provides an early warning of VCM presence. Prohibition of private well placement 

would protect the health of current and potential future users. The other asperts 

relevant to this criteria are discussed under long-term effectiveness and permanence, 

short-term effectiveness, and compliance with ARARs. 

Compliance with ARARs 

Chemical-Specific ARARs: 

Natural processes may ultimately reduce the VCM concentiations in the MW-52 area 

subplume, to achieve to the extent feasible the New York State Groimdwater Standards 

and MCLs (as regulated vmder 10 NYCRR Part 5 for a public water supply) which are 

applicable regulatory requirements for the sole-source aquifer under Long Island. It is 

difficult to detennine if natural attenuation alone would achieve these objectives and the 

time duration that would be required. However, it is expected that tieatment would be 

required at the Northrop IRM to address VCM presence in the air stiipper off gas. 
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Action-Spedfic ARARs: 

As Alternative 1 is essentially a no action alternative there are no action specific ARARs 

to be discussed. 

Long-Term Effectiveness and Permanence 

Magrutude of Residual Risk: 

Alternative 1 would intercept groundwater with elevated VCM presence however, 

insufficient tteatment would occur. The existing IRM tteatment system removes the 

VCM from the water but does not effectively handle the VCM in the off gas from the 

tteatment plant. Thus there is a risk that the Air Guide 1 criteria for VCM may be 

exceeded at the Northrop IRM. The aquifer will eventually attain VCM levels because 

the Northrop IRM contains, collects, and tteats the VCM subplume, however the 

duration will be very long. No additional morutoring would be performed, thus the 

Northrop IRM is at risk of being unable to meet the Air Guide criteria. 

Adequacy and Reliability of the Remedy: 

Alternative 1 may not be adequate. The VCM subplume would be contained by the 

Northrop IRM but not effectively tteated as the Northrop IRM does not currently have 

the installed technology to tteat VCM off gases. 

Reduction of Toxicity, Mobility, and Volume 

Alternative 1 would not initially reduce VCM toxicity as groundwater with elevated 

VCM chemical presence would not be extiacted until it reaches the Northrop IRM. The 

existing levels of toxicity and volume and current mobility in the area of the VCM 

subplume would not be reduced other than by natural attenuation. 

Short-Term Effectiveness 

Risks to Workers and Community: 

Because this is essentially a no-action alternative, there would be no risk to workers. 

The community would be at risk through the possible exceedance of Air Guide 1 

standards at the Northrop IRM. 
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Environmental Impacts: 

The no further action alternative would not have adverse impacts on the envirorunent 

from remedial action .activities. Environmental impacts would result from not 

addressing the VCM subplume which would migrate toward and potentially reach the 

Northrop IRM. 

Time Until Remedial Action Objectives are Attained: 

The length of time that would be reqviired for the aqviifer to attain the RAO's via natural 

attenuation is lengthy but unknov^m (i.e., greater than 50 years). 

Implementability 

Technical Feasibility: 

The no further action alternative is technically feasible. 

Administiative Feasibility: 

The no further action alternative would not be administiatively feasible. Current 

administiative laws (Air Guide 1) and statutes make implementation of this alternative 

unacceptable. 

Availability of Services and Materials: 

Alternative 1 does not require services or materials. 

Cost: 

Because Alternative 1 is a no action alternative, there are no capital costs associated with 

this alternative. 

Because Alternative 1 relies on the Northrop IRM for tteatment of the VCM subplume, it 

is appropriate that the O&M cost of rvmning the Northrop IRM should be shared 

between the VOC plume and the VCM subplume. 

Although GSHI has developed a cost sharing methodology, the EPA has suggested that 

the determination of an appropriate cost sharing allocation between the TVOC plume 

and VCM subplume should not be included in this Feasibility Study. Such a 
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determination needs to include a complete evaluation of all of the factors that impact the 

operation of the Northrop IRM. These factors include but are not limited to: 

• the concentiations of chertucals; 

• the mass of chemicals; 

• impact on the tteatment process; 

• tiavel. time to reach the extiaction points; and 

• duration of the need for tteatment. 

Since it is now beyond the scope of this Feasibility Study to make this determination, 

and at the request of the EPA, the entire cost of the Northrop IRM has been included in 

the cost comparison for each of the alternatives that rely on the Northrop IRM as a part 

of the final remedy. The Northrop IRM cost amounts to $56,000,000 which includes the 

expended costs to date, the capital costs, and O&M costs for the next 30 years. The 

portion of tiie total $56,000,000 Northrop IRM cost tiiat is to be allocated to OxyChem is 

indeterminate at this time but is expected to be minor. 

5.2.2 ALTERNATIVE 2: ENHANCED NORTHROP IRM 
(SUPPLEMENTAL VCM TREATMENT IF NECESSARY) 

Alternative 2 consists of the continued operation of the Northrop IRM system to address 

the regional VOC plume and the use of monitoring to determine if future supplemental 

tieatment for VCM is necessary at well GP-1. The Northrop IRM system is a 

pump-and-tieat system consisting of four extiaction wells (ONCT-1, ONCT-2, ONCT-3 

and GP-1) and above-ground tteatment systems. Monitoring would be used to assess 

the migration of VCM toward the Northrop IRM and to verify that RAOs are met. 

Grovmdwater modeling of the VCM subplume confirms that complete containment of 

the VCM subplume is achieved by the Northrop IRM. Institutional contiols would 

consist of Nassau County maintaining New York State's restrictions on the use of private 

wells or placement of new private wells in the aquifer. The BWD would continue to 

supply potable water to consumers in the vicinity of the three sites. Natural attenuation 

by aerobic degradation of the VCM might reduce the concenttation of VCM. Greater 

detail was provided on this alternative in Section 4.2.2. 

Overall Protection of Human Health and the Environment 

Alternative 2 would be protective of human healtii because groundwater monitoring 

would be employed to assess the migration of the VCM subplume to determine whether 
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and /or when supplemental tteatment of the exttacted grovmdwater was needed to 

address VCM presence. Alternative 2 would also be protective of the Northrop IRM 

because groundwater monitoring wovild be used to determine when or if future 

supplemental tieatment of the IRM air discharge for VCM would be necessary. Any 

usage of the grovmdwater within the VOC plume or VCM subplume by industrial users 

would necessitate the inclusion of an appropriate tieatment technology prior to use. 

Prohibition of private well placement would protect the health of current and potential 

future users. The other aspects relevant to this criteria are discussed under long-term 

effectiveness and permanence, short-term effectiveness and compliance with ARARs. 

Compliance with ARARs 

Chemical-specific ARARs: 

Alternative 2, similar to Alternative 1, wovild ultimately reduce the VCM grovmdwater 

concenttation from the MW-52 area to achieve to the extent feasible the New York State 

Groundwater Standards and MCLs (as regulated under 10 NYCRR Part 5 for a public 

water supply) which are applicable regulatory requirements for the sole-sovirce aquifer 

under Long Island. The VCM would continue to migrate until it was intercepted by the 

Northrop IRM system. 

Action-specific ARARs: 

The exttaction and tieatment of the groundwater is being conducted in accordance with 

the action specific ARARs that were identified in Section 3.2.3.3. The use of vapor-phase 

activated carbon for off-gas tieatment meets New York Air Pollution Conttol 

Regulations (6 NYCRR Parts 200-254) for a BACT for VOCs under Rating A. The 

concentiations of VOCs in the tieated grovmdwater are less than the New York State 

MCLs and therefore, recharge is within the concentiation limits of the New York Water 

Classifications and Quality Standards (6 NYCRR Parts 609, 700-705) for Class GA 

groundwater. Treatment of the grovmdwater wovild meet SPDES standards for 

discharge on site. If supplemental VCM tieatment is required in the future, catalytic 

oxidation of off-gases (or an appropriate alternative as determined at that time) will be 

required to meet the New York Air Pollution Contiol Reqviirements. VCM groundwater 

MCLs would also be met to allow for continued discharge of tieated groundwater to the 

aquifer. 
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Long-term Effectiveness and Permanence 

Magnitude of Residual Risk: 

Because Alternative 2 will intercept all areas of groundwater with elevated VCM 

presence, the remedy offers minimal residual risk. Although the risk remains for the 

time period and over the area vmtil the VCM reaches the Northrop IRM, the risk slowly 

dissipates. Some areas of the aquifer will eventually attain concenttations 

corresponding to acceptable risk level ARARs via natural attenuation, by dilution, 

aerobic biodegradation, etc. The attainment of acceptable risk levels through natural 

attenuation is expected to occur but over an extended duration. The use of grovmdwater 

monitoring will be effective in determining when or if future supplemental tieatment for 

VCM at the Northrop IRM wells is necessary. During the time period that the VCM 

subplume migrates to the Northrop IRM, the residual risk to potential industrial users 

within the VCM plume can be contiolled to acceptable levels. 

Adequacy and Reliability of the Remedy: 

Because the VCM from the area of well MW-52 will be contained by Alternative 2, it is 

likely that the VCM subplume will affect the Northrop IRM exttaction well system. The 

IRM tteatment system removes VOCs from water by air stripping, followed by capture 

of the VOCs in a vapor-phase activated carbon adsorber. However, because activated 

carbon adsorption is ineffective in capturing VCM, the off-gas emissions could contain' 

VCM at levels that may violate Air Guide 1 criteria. If the VCM is intercepted in the 

Northrop IRM extiaction well system,' then modifications to the Northrop IRM 

tieatment system may be required, including, but not limited to the replacement of the 

activated carbon adsorber with a catalytic oxidation vmit for off gas tieatment. 

Monitoring for VCM will provide sufficient lead time to design and install supplemental 

VCM tieatment without having to shut down the IRM system for a significant period of 

time. Therefore, Alternative 2 would be adequate and could be a permanent solution to 

address the VCM subplume. 

Reduction of Toxicity, Mobility, and Volume 

Alternative 2 would not initially reduce VCM toxicity as grovmdwater with elevated 

VCM chemical presence would not be extiacted. Monitoring wovild ensure that 

appropriate tteatment technologies could be put in place to reduce the toxicity, mobility, 

and volume of VCM once it reaches the Northrop IRM wells and would be tteated, 

however the existing levels of toxicity and volvime and current mobility in the formation 

would not be reduced other than by natural attenuation. 
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Implementability 

Technical Feasibility: 

The additional technology required for Alternative 2: catalytic oxidation for off-gas 

tteatment, has been demonsttated and proven effective for VCM. It is further expected 

that in 40 years, improved tieatment technologies will also be available. 

Administtative Feasibility: 

There are no major concerns affecting the administiative feasibility of Alternative 2. 

Permit modifications would be required for the off-gas, if tteatment for VCM becomes 

necessary. 

Availability of Services and Materials: 

The tteatment plant is already constructed and operating. Facilities are available for 

disposal/recycling of the recovered concenttated solvent from the regeneration 

condensate. 

Cost 

Computer simulations show that supplemental tteatment for VCM at GP-1 will be 

necessary starting in the order of 46 to 51 years. The estimated present worth cost for 

the tteatment starting in 40 years and operating for a period of 30 years (using a 

discount rate of 5 percent) is $330,000 for the off-gas tieatment option of catalytic 

oxidation. 

In addition, similar to Alternative 1, the reliance of Alternative 2 on the Northrop IRM 

for the tieatment of the grovmdwater from the VCM subplume will result in a minor 

contiibution needing to be made toward the $56,000,000 cost of the Northrop IRM. 

5.2.3 ALTERNATIVES 3A AND 3B: VCM SUBPLUME 
CONTAINMENT. TREATMENT. AND DISCHARGE 

This section provides a detailed analysis for Alternatives 3A and 3B. Both of these 

alternatives, at a minimum, achieve the human health and envirorunent protection, 

ARAR compliance, long-term effectiveness and permanence, reduction of toxicity, 

mobility, and volume of VCM, short-term effectiveness and implementability of those 
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V Short-term Effectiveness 

Risks to Workers and Community: 

The risks to the workers and community, because of exposure to the off-gas emissions 

vmder Alternative 2, are minimal through the use of vapor-phase activated carbon 

adsorption on the air-stripper emissions. Monitoring for VCM provides adequate lead 

time to design and install supplemental tieatment, if necessary, thereby contiolling the 

risks to workers and the commvmity because of exposure to off-gas emissions of VCM. 

Adequate operation and maintenance procedures for the tieatment plant ensure that tiie 

potential for uncontiolled release of groundwater with elevated chemical presence to the 

environment or the commvmity is minimized. The plant operators take appropriate 

housekeeping measures and follow health and safety guidelines to mirumize any other 

risks. The existing on-site regeneration of spent activated carbon using steam is 

conducted vmder conttolled conditions with appropriate safety measures and adequate 

alarms to minimize the possibility _ of exposure to high temperature steam and 

vapor-phase VOCs. Off-site recycling or disposal of the recovered VOC condensate is 

conducted at a suitable off-site facility that is adequately equipped to mirumize any risks 

of release of the VOCs to the environment or the surrounding community. 

Environmental Impacts: 

The remedial action is not expected to have any adverse impacts on the environment. 

The contaminated areas vmder consideration are within an industiialized zone and there 

are no sensitive flora or favma that have any potential to be adversely affected. 

Time until Remedial Action Objectives are Attained: 

Groundwater modeling results (Appendix A) indicate that the VCM subplume will take 

on the order of 46 to 51 years to migrate to the Northrop IRM tteatment system. 

Simulations indicate that if VCM tteatment commenced in 40 years, an operating period 

of 30 years would be required. 
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described for Alternative 2. A detailed description of each alternative is provided in 

Sections 4.2.3 and 4.2.4 for Alternatives 3A and 3B, respectively. These two Alternatives 

are discussed further below in terms of how the additional pvimping from within the 

VCM subplume is benefidal. 

5.2.3.1 ALTERNATIVE 3A: VCM SUBPLUME 
CONTAINMENT, TREATMENT, AND 
DISCHARGE FOR VCM MASS REDUCTION 

Alternative 3A consists of the continued operation of the Northrop IRM system to 

address the regional VOC plume. The Northrop IRM system and components of 

institutional contiols/monitoring/natural attenuation would be identical to those 

described vmder Alternative 2. Alternative 3A also includes the tieatment of VCM in the 

vicinity of MW-52 to ensure that supplemental tieatment for VCM at GP-1 is not 

necessary in the future. As discussed in Section 4.2.3, other pumping scenarios exist 

which also could address the VCM subplume and negate the potential need for 

supplemental tteatment at the Northrop IRM. Alternative 3A, the MW-52 system was 

retained for the reasons outiined previously in Section 4.2.3. In summary, the alternative 

involves extiaction of groundwater from within the VCM subplume in the vicinity of 

MW-52. The extiacted grovmdwater would be tieated vmtil concenttations were 

achieved which, when pumping was terminated and residual VCM was allowed to 

migrate south to GP-1, would ensure that supplemental VCM tteatment would not need 

to be added to the Northrop IRM. 

Overall Protection of Human Health and the Environment 

Alternative 3A provides protection to hviman health by removing sufficient VCM mass 

from the vicinity of MW-52 so that supplemental tieatment for VCM at GP-1 will not be 

required in the future. The simulated maximum concentiation at GP-1 was on the order 

of 5 M-g/L. The estimated maximum allowable VCM concentiation at GP-1 which 

ensures that off-gases meet the Air Guide 1 criteria is 8.3 |xg/L (this concentiation 

assumes that the existing air tieatment system would retain no VCM. Since this is not 

the case, this concentiation is a conservative estimate of the influent concentiation at 

which supplemental tieatment would be required). Thus, this alternative is protective 

of the Nortiurop IRM. 

Grovmdwater monitoring as described in Section 3.2.2 will be performed to morutor the 

effectiveness of the MW-52 area exttaction system in achieving the system objectives and 

ensure protection of human health and the envirorunent. The areas to be impacted by 
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construction of the system are within an industrial area, which has no sensitive flora or 

fauna to be adversely imparted. Furthermore, there are no cvirrent groundwater users 

between the MW-52 area and the Northrop IRM wells. Alternative 3A would also be 

protective of the Northrop IRM but does allow low level chemical presence from the 

VCM subplume to be captured by the Northrop IRM after the large rhass of VCM (and 

other chemicals in the VCM subplume) has been removed. Thus human health and the 

environment are protected. Prohibition of private well placement would protect the 

health of current and potential future users. The other aspects relevant to this criteria 

are discussed under long-term effectiveness and permanence, short-term effectiveness, 

and compliance with ARARs. 

Compliance with ARARs 

Chemical-specific ARARs: 

Alternative 3A involves VCM mass removal in the vidruty of MW-52. Class GA 

groundwater standard achievement at the groundwater exttaction locations is not the 

goal, however, this remedy would ensure that VCM concenttations within the hydraulic 

influence of GP-1 are low enough so that the Air Guide 1 criteria for VCM (0.02 p,g/m3) 

is not exceeded. Thus, this remedy would fall under the category of an IRM with the 

final remedy being provided by the Northrop IRM System. Discharge of tieated 

groundwater to recharge basins would also assist in the remediation of other chemicals 

present by providing additional flushing action. 

Action-specific ARARs: 

The extiaction and tieatment of the groundwater in the MW-52 area would be 

implemented in accordance with the action-specific ARARs that were identified in 

Section 3.2.3.3. The use of catalytic oxidation for off-gas tieatment is expected to meet 

New York Air Pollution Contiol Regulations (6 NYCRR Parts 200 to 254) for a BACT for 

VOCs vmder Rating A. The concentiations of VOCs (including VCM) in the tieated 

groundwater are expected to be less than the New York State MCLs and therefore, 

recharge would be within the concentiation limits of the New York Water Classifications 

and Quality Standards (6 NYCRR Parts 609, 700 to 705) for Class GA groundwater. 

Treatment of the groundwater would meet SPDES standards for discharge back into the 

formation. 
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Long-term Effectiveness and Permanence 

Magrutude of Residucd Risk: 

Alternative 3A ensures that the areas of grovmdwater with detected VCM are 

intercepted and elevated VCM concenttations are immediately reduced, thus the 

residual risk is reduced. 

Adequacy and Reliability of the Remedy: 

Alternative 3A limits migration of VCM from the area of well MW-52 to the extent that 

future supplemental VCM tieatment at GP-1 will not be reqviired. Regarding the 

permanence of the system, it is planned that the MW-52 area system will only be 

operated for a limited period of time (i.e. approximately 5 years) until the VCM 

groundwater concenttations in SPPW-1 reduce to approximately 40 | ig/L. Once this 

concenttation has been achieved at SPPW-1, the potential for requiring supplemental 

VCM tteatment at GP-1 is negligible. Therefore Alternative 3A would be a permanent, 

long-term effective solution. 

Reduction of Toxicity, Mobility, and Volume 

In addition to the reductions of toxicity, mobility and volume of VOCs in Alternative 2, 

the toxicity, mobility and volume of VCM is further reduced by limiting its continued 

southerly migration during the 5-year pvimping period, which results in mass removal 

and reductions in VCM concentiations. The concenttations that remain after pumping 

stops will be reduced by natural attenuation. Grovmdwater with these reduced 

concenttations will be captured and tteated by the Northrop IRM. The toxidty and 

mass are reduced by exttacting and tieating the grovmdwater. 

Short-Term Effectiveness 

Risks to Workers and Community: 

The risks during construction of the groundwater extiaction and tteatment system will 

be minimized using appropriate health and safety measures. Risks to Operators of the 

tteatment system will be conttolled through the use of appropriate operation and 

maintenance procedures. Treatment of the air stieam by catalytic oxidation would 

protect the on-site workers and the community. 
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Environmental Impacts: 

As discussed earlier, the affected areas are industrialized with no sensitive flora or 

favma. Therefore, the potential for environmental impacts of the remediation is not 

significant. 

Time vmtil Remedial Action Objectives are Attained: 

Groundwater modeling results (Appendix A) indicate that the VCM subplume would 

require pvimping and tteatment for approximately 5 years to ensure that the maximum 

VCM concenttations that reach GP-1 will be on the order of 5 |i.g/L. 

This alternative is expected to achieve or be very close to achieving the RAOs by the 

time the remnants of the VCM subplume reach well GP-1 of the Northrop IRM. If 

further reduction in groundwater chemical concenttations are needed to achieve MCLs, 

such polishing would be performed by the Northrop IRM. 

Implementability 

Techrucal Feasibility: 

The additional techriology that would be used under Alternative 3A: catalytic oxidation 

for off-gas tieatment, is demonstiated and proven to be effective for the VCM presence 

and any other VOCs. As stated in Section 4.2.1, data from the predesign investigation 

show that TICs are currently not present at MW-52. The pretieatment system (likely air 

stiipping) would address the TCE and PCE, however, most of the TICs (if any were 

present) are too water soluble to be removed by air stripping. The TICs (if any) 

recharged to the aquifer in the tteated water would be subject to additional microbial 

degradation during their second southerly passage through the aquifer from the 

Hooker/Ruco site to the vicinity of MW-52. Any increase in TIC concentiation would 

stimulate an equivalent increase in the microbial population and thus in-situ tieatment 

of TICs would remain effective. 

Administiative Feasibility: 

Administiative requirements will include obtaining property and/or property access for 

installation of the two proposed monitoring well nests (MW-58 and MW-59), the three 

pumping wells (SPPW-1, SPPW-2, and SPPW-3) as discussed in Section 4.2.3, and for the 

constiuction of the forcemain from the wells to the tieatment system. This includes 

obtaining access to bore and jack vmder the railway line for the forcemain to go from the 
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exttaction well locations to the proposed tieatment facility location on the Hooker/Ruco 

Site. Local and state permits will also be required for the wells, forcemain, tieatment 

facility, and recharge basin. The tteatment facility would reqviire permits for discharge 

of the tteated groundwater and tteated air. These permits should be obtainable. 

Available of Services and Materials: 

Groundwater exttaction by pumping wells is already implemented in the area. As 

discussed in Section 3.4.4.3, available land is dimirushing and may pose difficulty for 

locating exttaction wells. The technology uses equipment readily available from several 

suppliers. A sufficient number of suppliers for the groundwater tieatment system are 

available so that no difficvilties in obtaining equipment are foreseen. 

Operation reqviirements will include grovmdwater monitoring and tteatment system 

operation (e.g., electrical, chemical, and operators). Maintenance would include 

repair/replacement of system components. 

Cost 

The estimated capital cost is approximately $3,474,000.. The estimated O&M costs are 

approximately $643,000 per year to $691,000 per year. The present worth costs of this 

alternative, based on operating periods of 5, 7.5, and 10 years, and a discount factor of 

5 percent are shown below: 

Operating Period Present Worth 

(Years) Cost 

5 $6,258,000 to $6,465,000 

7.5 $7,412,000 to $7,706,000 " 

10 . $8,439,000 to $8,810,000 

The most likely operating period for this alternative is five years. For the most likely 

operating period, the present worth cost ranges from $6,258,000 to $6,465,000 not 

induding the minor Northrop IRM O&M contribution. 

The reliance of Alternative 3A on the Northrop IRM for the tieatment of residual 

chemicals in the groundwater from the VCM subplume will result in a minor 

contiibution needing to be made toward the $56,000,000 cost of the Northrop IRM. 
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5.2.3.2 ALTERNATIVE 3B: VCM SUBPLUME 
CONTAINMENT, TREATMENT, AND DISCHARGE 
TO ACHIEVE GROUNDWATER ARARs 

Alternative 3B is similar to Alternative 3A in that the same extiaction wells and 

tteatment methodology would be utilized. However, the extiaction and tteatment of 

groundwater will continue vmtil monitoring shows that the VCM concentiations in the 

subplume are below the grovmdwater MCLs for VCM (2 pg/L). This will eliminate the 

possibility of needing supplemental VCM tteatment at GP-1 and will reduce VCM 

concenttations in the vicinity of MW-52 to 2 pg /L as compared to approximately 

40 pg /L as was reqviired vmder Alternative 3A. To ensure that the VCM subplume is 

contained, increased pumping rates, as compared to Alternative 3A, are required. The 

pumping rates at SPPW-2 and SPPW-3 wovild be increased from 50 gpm to 250 gpm to 

hydraulically contain the southern limit of the subplume. The pvimping rate for SPPW-1 

(500 gpm) would not change. 

Overall Protection of Human Health and the Environment 

Alternative 3B, provides protection to human health by minimizing the migration of 

VCM subplume from the MW-52 area. 

Alternative 3B provides slightly greater protection to human health in the area of the 

VCM subplume than the previous alternatives because the VCM subplume in the area of 

well MW-52 would be reduced to concentiations on the order of 2 M-g/L. Similar to 

Alternative 3A, supplemental VCM tteatment of GP-1 will not be required. In fact. 

Alternative 3B has no need for reliance on the Northrop IRM. Groundwater monitoring 

as described in Section 3.2.2 will be performed to monitor the effectiveness of the MW-52 

area exttaction system in achieving the system objectives and ensure protection of 

human health and the environment. The areas to be impacted by construction of the 

system are w^ithin an industrial area, which has no sensitive flora or fauna to be 

adversely impacted. Furthermore, there are no current groundwater users between the 

MW-52 area and the Northrop IRM wells. Alternative 3B would also be protective of the 

Northrop IRM. Prohibition of private well placement would protect the hezilth of 

current and potential future users. Thus human health and the envirorunent are 

protected. The other aspects relevant to this criteria are discussed under long-term 

effectiveness and permanence, short-term effectiveness, and compliance with ARARs. 
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Compliance with ARARs 

Chemical-spedfic ARARs: 

Alternative 3B involves VCM mass removal in the vicinity of MW-52. Alternative 3B 

would reduce the concenttation of VCM in the aquifer in the MW-52 area to achieve to 

the extent feasible the New York State MCLs (as regulated vmder 10 NYCRR Part 5 for a 

public water supply) which are applicable regulatory requirements for the sole-sovirce 

aquifer under Long Island. Discharge of tieated groundwater to recharge basins would 

also assist in the remediation of other chemicals present by providing additional 

flushing action. 

Action-specific ARARs: 

The extiaction and tieatment of the groundwater in the MW-52 area would be 

implemented in accordance with the action specific ARARs that were identified in 

Section 3.2.3.3. The use of catalytic oxidation for off-gas tieatment is expected to meet 

New York Air Pollution Contiol Regulations (6 NYCRR Parts 200-254) for a BACT for 

VOCs under Rating A. The concentiations of VOCs in the tieated grovmdwater are 

expected to be less than the New York State MCLs and therefore, recharge would be 

within the concenttation limits of the New York Water Classifications and Quality 

Standards (6 NYCRR Parts 609, 700-705) for Class GA groundwater. Treatinent of tiie 

groundwater would meet SPDES standards for discharge back into the formation. 

Long-Term Effectiveness and Permanence 

Magnitude of Residual Risk: 

The magnitude of residual risk, as a result of the VCM subplvime is less for 

Alternative 3B as compared to Alternatives 2 and 3A, through greater reductions in the 

toxicity, mobility, and mass of VCM in the immediate area of MW-52. Although 

Alternative 3B is incrementally better than Alternative 3A in that the toxicity, mass, and 

mobility of VCM is less, there are no additional benefits to human health or the 

environment. Monitoring for VCM presence for Alternatives 2 and 3A ensures that risks 

as a result of VCM are the same. 

Adequacy and Reliability of Remedy: 

Alternative 3B is expected to be adequate to tteat the VCM subplume in the MW-52 area. 

There would be no adverse effect on the Navy and Northrop operations and on the 
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reliability of the Northrop LRM tteatment system, because the VCM in the area of well 

MW-52 would be contained and the potential for this VCM to further migrate towards 

the Northrop IRM exttaction wells, would be essentially eliminated. Computer 

modeling simulations show that tieating the VCM to MCLs will reqviire approximately 

30 years of pumping. Therefore, Alternative 3B would be a permanent solution. 

Reduction of Toxicity, Mobility, and Volume 

VCM would be tteated until the New York State MCL of 2 |i.g/L was achieved, thus 

reducing the toxicity, mobility, and volume of VCM. Treatment to the MCL prevents 

southerly migration of the VCM subplume. 

Short-term Effectiveness 

Risks to Workers and Commvmity: 

The risks during construction of the groundwater extiaction and tieatment system will 

be minimized using appropriate health and safety measures. Risks to operators of the 

tteatment system will be conttolled through the use of appropriate operation and 

maintenance procedures. Treatment of the air stieam by catalytic oxidation protects the 

on-site workers and community. 

Environmental Impacts: 

As discussed earlier, the affected areas are industrialized with no sensitive flora or 

fauna. Therefore, the potential for environmental impacts of the remediation is not 

significant. 

Time Until Remedial Action Objectives are Achieved: 

Grovmdwater modeling results (Appendix A) indicate that the VCM subplume would 

require tteatment for approximately 30 years to achieve VCM groundwater 

concenttations of 2 M-g/L. 

Implementability 

Technical Feasibility: 

The technical feasibility aspects for Alternative 3B are identical to those described for 

Alternative 3A. The technologies that would be used vmder Alternative 3B: exttaction 
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wells, air stripping with catalytic oxidation, recharge basins etc., are demonstiated and 

proven to be effective for the VCM and other VOCs present. 

Administiative Feasibility: 

The administiative feasibility aspects of Alternative 3B are identical to those described 

for Alternative 3A. Administiative requirements will include obtaining property 

and/or property access for installation of the two proposed monitoring well nests 

(MW-58 and MW-59), tiie tiiree pumping weUs (SPPW-1, SPPW-2, and SPPW-3) and for 

the construction of the forcemain from the wells to the tteatment system. This includes 

obtaining access to bore and jack under the railway line. Local and state permits will 

also be required for the wells, forcemain, tteatment facility, and recharge basin. The 

tteatment facility would require permits for discharge of the tteated grovmdwater and 

tteated air. These permits should be obtainable. Permits or permit modifications would 

be required for the air and tieated groundwater discharge. These permits should be 

obtainable. 

Availability of Services and Materials: 

The availability of services and materials for Alternative 3B are identical to those 

described for Alternative 3A. Groundwater exttaction by pumping wells is already 

implemented in the area. The technology uses equipment readily available from several 

suppliers. As discussed in Section 3.4.4.3, available land is diminishing and may pose 

difficulty for locating exttaction wells. A sufficient number of suppliers for the 

groundwater tteatment system are available so that no difficulties in obtaining 

equipment are foreseen. 

Operation requirements will include grovmdwater monitoring and tieatment system 

operation (e.g., electtical, cheinical, and operators). Maintenance will include 

repair/replacement of system components. 

Cost 

The estimated capital cost is approximately $4,195,000. The estimated O&M costs are 

approximately $679,000 per year to $722,000 per year. The present worth costs of the 

alternative, based on operating periods of 25, 30, and 35 years and a discovmt factor of 

5 percent are shown below: 
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Operating Present Worth Cost 

Period 

(Years) 

25 - $13,765,000 to $14,441,000 

30 $14,633,000 to $15,370,000 

35 $15,313,000 to $16,099,000 

The most likely operating period for this alternative is 30 years. 

5.2.4 ALTERNATIVES 4A, 4B, AND 4C: IN SITU TREATMENT 
OF VCM SUBPLUME BY ENHANCED AEROBIC 
BIOREMEDIATION/CHEMICAL OXIDATION/ 
BIOSPARGING FOR VCM MASS REDUCTION 

This section provides a detailed analysis of Alternatives 4A, 4B, and 4C. All of these 

alternatives, at a minimum, achieve the human health and environment protection, 

ARAR compliance, long-term effectiveness and permanence, reduction of toxidty, 

mobility, and volume of VCM, short-term effectiveness and implementability of those 

described for Alternatives 2, 3A, and 3B. A detailed description of each alternative is 

provided in Sections 4.2.4.1, 4.2.4.2, and 4.2.4.3 for Alternatives 4A, 4B, and 4C, 

respectively. These three alternatives are discussed further in terms of how in situ 

tieatment within the VCM subplume is beneficial. 

5.2.4.1 ALTERNATIVE 4A: IN SITU TREATMENT OF VCM 
SUBPLUME BY ENHANCED AEROBIC BIOREMEDIATION 

Alternative 4A would consist of tieatment of the VCM subplume using in situ enhanced 

aerobic bioremediation. The components of Alternative 4A include: continued 

operation of the Northrop IRM system to address the on-site regional VOC plume and 

in situ tteatment of the VCM subplume. 

Overall Protection of Human Health and the Environment 

Alternative 4A, provides additional protection to human health by minimizing the 

migration of VCM from the area around MW-52. Alternative 4A would also be 

protective of human health because grovmdwater monitoring would be employed to 

assess the migration of the regional VOC plume. Prohibition of private well placement 

would protect the health of current and future potential users. The other aspects 
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relevant to this criteria are discussed under long-term effectiveness and permanence, 

short-term effectiveness, and compliance with ARARs. 

Compliance with ARARs 

Chemical-spedfic ARARs: 

Alternative 4A wovUd reduce the concentiations of VCM in the aquifer near MW-52. 

The VCM subplume in the MW-52 area would be remediated with the intent of 

achieving average V C M concenttations of approximately 40 M ĝ/L to ensure that 

supplemental VCM tteatment of air at GP-1 of the Northrop IRM is not required. 

Action-Spedfic ARARs: 

This tieatment alternative reqviires the injection of inorganic sources of 

ruttogen/phosphorous with suitable carbon sources (methanol, methane, propane, etc.) 

into the grovmdwater. The exact nuttient requirement for VCM reduction is dependent 

on the presence of other constituents in groundwater, and would be determined during 

tieatability studies. The first stage testing would also be used to determine whether 

there is any toxicity problems which may inhibit microbial growth and activity. The 

injection of nutrients into groundwater for full-scale tteatment would need to be 

reviewed and approved in advance by the regulatory authorities. In addition to the 

injection of nutrients, it may be necessary to supplement the dissolved oxygen 

concentiation in the groundwater. This could be achieved by either biosparging and/or 

the use of intercepting socks contairung oxygen releasing compovmds. 

Long-term Effectiveness and Permanence 

Magnitude of Residual Risk: 

The magnitude of residual risk, as a result of the VCM subplume is decreased by 

Alternative 4A through reductions in the toxicity, mobility, and mass of VCM. The mass 

of the VCM with highest concentiations would be reduced upon reaching the locations 

of nutrient addition. 

Adequacy and Reliability of Remedy: 

Alternative 4A is expected to be effective in tieating the grovmdwater with elevated 

VCM presence. The intioduction of nutrients into the groundwater is expected to 

enhance VCM biodegradation rates and achieve VCM aquifer concenttations on the 
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order of 40 M^g/L. There would be limited short-term adverse effects to the environment 

as there would be no exttaction and recharge of grovmdwater from/to the aquifer. 

There would be no adverse effect on the reliability of the Northrop IRM system because 

the VCM concentiations and mass from the area of well MW-52 would be significantly 

reduced. Therefore, Alternative 4A would be an adequate and permanent solution. 

Reduction of Toxicity, Mobility, and Volume 

Alternative 4A would reduce the toxidty and mass of V C M through the inttoduction of 

substiates and nutrients to enhance aerobic degradation in conjunction with in situ 

natural attenuative processes. Groundwater would be tteated vmtil an average VCM 

concentiation of approximately 40 M ĝ/L was achieved. The mass of the VCM within the 

regional VOC plume would be reduced as would the other VOCs and TICs (if any). The 

in situ method would remove a sufficient mass of VCM so that supplemental tteatment 

of the GP-1 air discharge is not required. Any residual VCM that would not be tteated 

by the in situ methodology would still be captured and tieated by the Northrop IRM. 

Short-Term Effectiveness 

Risks to Workers and Community: 

This alternative involves minimal invasive activities once the injection phase 

commences. Risks during installation of the nutrient delivery system would be 

minimized using appropriate health and safety measures. Risks to operators of the 

system will similarly be minimized. 

Environmental Impacts: 

As discussed earlier, the affected areas are industiialized with no sensitive flora or 

fauna. Therefore, the potential for environmental impacts of the remediation is not 

significant. 

Time Until Remedial Action Objectives are Achieved: 

The injection of substiates and nutrients associated with enhanced aerobic 

bioremediation is expected to be required for a period between 5 to 10 years. The 

duration is dependent on the time required for the VCM subplume to migrate south, 

past the nutrient addition locations. Increasing or decreasing the number of nutrient 

addition locations and the rate of injection will also affect the duration. It is to be noted 

that since this remedy partly relies on the natural flow of the grovmdwater to enter the 
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nutrient zone, and because the rate of flow is so slow (=60 feet per year), it is not 
necessary to continuously injert nutrients. Nutrient addition can be done on a periodic 
basis (i.e., once per month, bimonthly, quarterly). 

This alternative is expected to achieve or be very close to achieving the RAOs by the 
time the remnants of the VCM subplume reach well GP-1 of the Northrop IRM. If 
further reduction in groundwater chemical concentiations are needed to achieve MCLs, 
such polishing would be performed by the Northrop IRM. 

Implementability 

The limiting factor of Alternative 4A will be the ability of the delivering system to 
adequately disttibute the nutrients throughout the VCM subplume. Lateral distribution 
will be considered adequate with the proper placement of the injection well system. 
Vertical distribution may be limited by hydraulic barriers, (e.g., day layers) which can 
be overcome by proper design of the screen intervals of the injection wells and 
associated injection methods. Several nutrient sources suitable for the enhancement of 
VCM biodegradation are commercially available. Necessary injection permits would 
need to be obtained. 

Permits would be required for the drilling of injection wells. These permits should be 
obtainable. 

Due to the fact that the injections can be done on a periodic basis, the delivery of 
nutiients to the injection wells is easy to accommodate. 

Availability of Service and Materials: 

All the services, materials and equipment required for this tteatment alternative are 
available from several subcontiactors and suppliers. 

Cost 

The estimated capital cost is approximately $1,566,000. The estimated O&M costs are 
approximately $257,000 per year. The present worth costs using a discount factor of 
5 percent for a time period of 5 and 10 years are shown below: 
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Operating Present Worth Cost 

Period 

(Years) 

5 $2,679,000 

10 $3,551,000 

The most likely operating period for the injection of substiates and nutrients associated 

with this alternative is 10 years. For the most likely operating period, the present worth 

is $3,551,000, not including the minor Northrop IRM O&M conttibution. 

The reliance of Alternative 4A on the Northrop IRM for the tieatment of residual 

chemicals in the groundwater from the VCM subplume will result in a minor 

contiibution needing to be made toward the $56,000,000 cost of the Northrop IRM. 

5.2.4.2 ALTERNATIVE 4B: IN SITU TREATMENT OF VCM 
SUBPLUME BY CHEMICAL OXIDATION 

Alternative 4B would consist of tteatment of the VCM subplume using in situ chemical 

oxidation. The components of Alternative 4B include: continued operation of the 

Northrop IRM system to address the on-site regional VOC plume and in situ tteatment 

of the VCM subplume using chemical oxidation. If deemed necessary or desirable, the 

chemical oxidation remedy could be enhanced by including bioremediation as a 

polishing step either through inclusion of Alternative 4A or 4C. 

Overall Protection of Human Health and the Environment 

Alternative 4B, provides protection to human health by minimizing the migration of 

VCM from the area arovmd MW-52. Alternative 4B would also be protective of human 

health because groundwater monitoring would be employed to assess the migration of 

the regional VOC plume. Prohibition of private well placement would protect the 

health of current and future potential users. The other aspects relevant to this criteria 

are discussed under long-term effectiveness and permanence, short-term effectiveness, 

and compliance with ARARs. 
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Compliance with ARARs 

Chemical-spedfic ARARs: 

Alternative 4B wovild reduce the concenttations of VCM in the aqviifer near MW-52. The 

VCM subplume in the MW-52 area would be remediated with the intent of achieving 

average VCM concenttations of approximately 40 Mg/L to ensure that supplemental 

VCM tteatment of air discharge fromi GP-1 of the Northrop IRM is not required. 

Chemical oxidation would be performed to significantly decrease the VCM 

concenttations in the center of the subplume. This process would decrease VCM 

concentiations to approximately 100 M ĝ/L with a goal of achieving approximately 

40 M^g/L. Below 100 M^g/L, it may be more effective to use enhanced aerobic 

bioremediation to complete the remedy to concentiations on the order of 40 M^g/L. The 

need for enhanced bioremediation would be determined following field implementation 

of the remedy. 

Action-Specific ARARs: 

This tteatment alternative would require the injection of various additives to 

grovmdwater. The first phase of the tieatment would involve the injection of potassium 

permanganate, solution to groimdwater over a period of approximately 3 years, during 

which time the grovmdwater wovild be monitored routinely. Although, the tieatment is 

expected to convert a significant percentage of the VCM, the tieatment period could be 

extended depending on the results. Based on the estimated volume of the grovmdwater 

impacted by VCM and the average VCM concenttation, the total amount of injected 

permanganate required for VCM oxidation is estimated at 10,900 pounds assuming a 

very conservative stoichiomeric ratio of 1:10 (VCM: permanganate). The exact 

permanganate requirement for VCM oxidation is dependent on the ability of 

permanganate to distribute itself throughout the VCM subplume and the presence of 

other oxidizable constituents in groundwater. The actual volume would be determined 

during the first stage testing. 

Long-term Effectiveness and Permanence 

Magnitude of Residual Risk: 

The magnitude of residual risk, as a result of the VCM subplume is incrementally 

decreased by Alternative 4B through reductions in the toxicity, mobility, and mass of 

VCM. The initial application of chemical oxidation would immediately, and 

significantly reduce the concenttation of VCM in the MW-52 area thus reducing the 
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mass of VCM that is available to continue migrating to the south. The magrutude of 
residual risk is no less than for other alternatives because monitoring for VCM ensures 
that groundwater with elevated VCM is contained. 

The potential for and magnitude of risk because of the metals present in the potassium 
permeanganate will be evaluated using the results of the proposed OU-1 soil column 
tests. 

Adequacy and Reliability of Remedy: 

Alternative 4B is expected to effectively tteat the groundwater with elevated VCM 
presence to acceptable VCM aquifer concentiations on the order of 40 M ĝ/L. There 
would be limited short-term adverse effects to the environment as there would be no 
exttaction and recharge of groundwater from/to the aquifer. There would be no 
adverse effect on the reliability of the Northrop IRM system because the VCM 
concentiations and mass from the area of well MW-52 would be significantly reduced. 
Therefore, Alternative 4B would be an adequate and permanent solution. 

The results presented in the report entitled "Groundwater Laboratory Treatability Study 
Report" dated July 1999, and the documents in Appendix D demonstiate that VCM can 
be chemically oxidized. If this technology is selected as the remedy, predesign activities 
would need to be performed to determine the matiix oxidant demand and the delivery 
systems for the oxidant to insure adequate dispersion and mixing within the impacted 
groundwater regime. 

Reduction of Toxicity. Mobility, and Volume 

Alternative 4B would reduce the toxidty and mass of VCM using in situ chemical 
oxidation and natural attenuative processes. Groundwater would be tteated until an 
average VCM concenttation of approximately 40 M-g/L was achieved. The mass of the 
VCM within the regional VOC plume would be reduced as would the other VOCs and 
TICs (if any). The in situ method would remove a sufficient mass of VCM that 
supplemental tieatment of the GP-1 air discharge is not required. Any residual VCM 
that would not be tieated by the in situ methodology would still be captured and tteated 
by the Northrop IRM. 
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injection wells. Further consideration of tiace metals in potassium permanganate will 

also have to be addressed to alleviate concerns present within the NYSDEC. 

Potassium permanganate is commerdally available and an appropriate solution 

concentiation can be prepared and injected into groundwater. Injection permits would 

need to be obtained. 

Permits would be reqviired for the drilling of injection wells. These permits should be 

obtainable. 

Availability of Service and Materials: 

All the services, materials and eqviipment required for this tieatment alternative are 

available from several subcontiactors and suppliers. 

Cost 

The estimated capital cost is approximately $1,566,000. The estimated O&M costs are 

approximately $297,000 per yearfor chemical oxidation. The present worth costs, using 

a discount factor of 5 percent, over periods of 3,5, and 10 years are shown below. 

The possible requirement to use enhanced aerobic bioremediation for 2 years, coupled 

with the 3, 5, and 10-year periods of Alternative 4B is also shown. The 5-year time 

period represents the time frame most likely for this alternative. 

Operating 

Period 

(Years) 

Chemical 

Oxidation Present 

Wortii 

3 

5 

10 

$2,374,000 

$2,850,000 

$3,856,000 

Chemical Oxidation and Enhanced Aerobic BioRemediation 

5(1) 

7(2) 

12(3) 

$2,786,000 

$3,225,000 

$4,150,000 

Notes: 

I 
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(1) 3 years chemical oxidation plus 2 supplemental years enhanced bioremediation. 

(2) 5 years chemical oxidation plus 2 supplemental years enhanced bioremediation. 

(3) 10 years chemical oxidation plus 2 supplemental years enhanced bioremediation. 

For the most likely operating period of 5 years, the present worth cost ranges from 

$2,850,000 (without supplemental 2 years of enhanced bioremediation) to $3,225,000 

(including supplemental 2 years of enhanced bioremediation). The above values do not 

include the minor Northrop IRM O&M contribution. 

The reliance of Alternative 4B on the Northrop IRM for the tieatment of residual 

chemicals in the grovmdwater from the VCM subplume will result in a minor 

contribution needing to be made toward the $56,000,000 cost of the Northrop IRM. 

5.2.4.3 ALTERNATIVE 4C: IN SITU TREATMENT OF VCM 
SUBPLUME BY BIOSPARGING 

Alternative 4C would consist of tieatment of the VCM subplume using in situ 

biosparging. The components of Alternative 4C include: continued operation of the 

Northrop IRM system to address the on-site regional VOC plume and in situ tteatment 

of the VCM subplume using biosparging. If deemed necessary or desirable, the 

biosparging remedy could be enhanced by including aerobic bioremediation as a 

polishing step as discussed in Alternative 4A. 

Overall Protection of Human Health and the Environment 

Alternative 4C, provides additional protection to human health by minimizing the 

migration of VCM from the area around MW-52. Alternative 4C would also be 

protective of human health because groundwater monitoring would be employed to 

assess the migration of the regional VOC plume. Prohibition of private well placement 

would protect the health of current and future potential users. The other aspects 

relevant to this criteria are discussed under long-term effectiveness and permanence, 

short-term effectiveness, and compliance with ARARs. 

I 
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Compliance with ARARs 

Chemical-spedfic ARARs: 

Alternative 4C would reduce the concenttations of VCM in the aquifer near MW-52. 

The VCM subplume in the MW-52 area would be remediated with the intent of 

achieving average VCM concenttations of approximately 40 M-g/L to ensure that 

supplemental VCM tieatment of the air discharge at GP-1 of the Northrop IRM is not 

required. Biosparging would be performed to significantly decrease the VCM 

concentiations in the center of the subplume. This process would decrease VCM 

concentiations to 40 M^g/L. 

Action-Specific ARARs: 

This tteatment alternative would require the injection of air or oxygen into the affected 

groundwater for a period of approximately 3 years. Although the tieatment is expected 

to eliminate a significant percentage of the VCM, the tteatment period could be 

extended depending on the results. The exact air/oxygen reqviirement for VCM 

concenttation reductions is dependent on the presence of other constituents in 

groundwater, and would be determined during the first stage testing. 

In the event that enhanced aerobic bioremediation is also deemed necessary and/or 

desirable, it may be necessary to inject organic and/or inorganic nutiients into the 

aquifer to enhance microbial activities. The exact additives required to enhance VCM 

biodegradation would also be determined during the first stage testing. The injection of 

air/oxygen and nutrient additives into groundwater for full-scale tteatment would need 

to be reviewed and approved in advance by the regulatory authorities. 

Long-term Effectiveness and Permanence 

Magnitude of Residual Risk: 

The magnitude of residual risk, as a result of the VCM subplume is incrementally 

decreased by Alternative 4C through reductions in the toxicity, mobility, and mass of 

VCM. The initial biosparging would significantly reduce the concentiation of VCM and 

other VOCs (except PCE and to a lesser degree TCE) in the MW-52 area and other 

tteatment zones, reducing the mass of elevated VCM that is still available for migration 

to the south. The magrutude of residual risk is no less than for other alternatives 

because monitoring for VCM ensures that groundwater with elevated VCM is 

contained. 
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The results of the testing proposed in the Jvme 11, 1999 submittal will be used to 

determine the air/oxygen injection rates to prevent the discharges of VCM through the 

vadose zone to the atmosphere at concentiations which would exceed Air Guide 1 

criteria in either the breathing zone or subsurface enclosures (e.g., basements) as 

appropriate. 

Adequacy and Reliability of Remedy: 

Alternative 4C is expected to be adequate to tteat the groundwater with elevated VCM 

presence. The inttoduction of air/oxygen into the grovmdwater is expected to enhance 

VCM biodegradation rates to achieve acceptable VCM aquifer concenttations. There 

would be limited short-term adverse effects to the environment as there wovild be no 

exttaction and recharge of groimdwater from/to the aquifer. There would be no 

adverse effect on the reliability of the Northrop IRM system because the VCM from the 

area of well MW-52 would be significantly reduced. Therefore, Alternative 4C would be 

an adequate and permanent solution. 

Reduction of Toxicity, Mobility, and Volume 

Alternative 4C Would reduce the toxicity and mass of VCM and other VOCs (except 

PCE) using in situ biosparging processes. Groundwater would be tieated vmtil an 

average VCM concenttation of approximately 40 M-g/L was achieved. The mass of the 

VCM within the regional VOC plume would be reduced as would other VOCs and TICs 

(if any) except PCE and to a lesser degree TCE. The in situ method would remove a 

sufficient mass of the VCM that supplemental tteatment of the GP-1 air discharge is not 

required. Any residual VCM that would not be tteated by the in situ methodology 

would still be captured and tteated by the Northrop IRM. 

Short-term Effectiveness 

Risks to Workers and Community: 

This alternative involves minimal invasive activities once the injection phase 

commences. Risks during installation of the air/oxygen delivery system(s) would be 

minimized using appropriate health and safety measures. Risks to operators of the 

system will similarly be minimized. 

6883(18) 103 CoNESTOGA-RovERS & ASSOCIATES 

4 0 0 1 5 5 



I 

i 

Environmental Impacts: 

As discussed earlier, the affected areas are industrialized with no sensitive flora or 

fauna. Therefore, the potential for environmental impacts of the remediation is not 

significant. 

Time Until Remedial Action Objectives are Achieved: 

It is expected that the biosparging tteatment would be required to be continued for 

approximately three years to reduce the potential toxicity of VCM to levels amenable to 

natural attenuation. If needed, enhanced aerobic bioremediation could be required for a 

period of approximately two years to accomplish the remedial action objectives for a 

total operating period of 5 years. 

Increasing or decreasing the number of air/oxygen injection locations, and the rate of 

injection, will also affect the duration. Periodic injections (monthly, bimonthly, 

quarterly) are suitable for both biosparging and, if needed, nutrient processes. 

This alternative is expected to achieve or be very close to achieving the RAOs by the 

time the remnants of the VCM subplume reach well GP-1 of the Northrop IRM. If 

further reduction in groundwater chemical concentiations are needed to achieve MCLs, 

such polishing would be performed by the Northrop IRM. 

Implementability 

The limiting factor of vertical distribution for Alternatives 4A and 4B is reduced in 

Alternative 4C because Alternative 4C utilizes gases as opposed to liquid additives. The 

injection system would deliver the air/oxygen as a gas at or below the vertical extent of 

the VCM subplume. The gas would then percolate upwards giving adequate vertical 

distiibution. Impervious barriers (clay layers) would initially act as a barrier to the 

upward percolation of the air/oxygen. However, it is anticipated that as the air/oxygen 

column grows larger below the impervious barrier, it would also migrate laterally to 

areas where the barrier does not exist and then continue its upward percolation. 

Placement of some injection points above large impervious layers is likely to be 

necessary to provide effective air/oxygen injections of air/oxygen into the grovmdwater. 

Multi-level injection ports on the injection wells, could also be used to provide improved 

vertical distiibution. 

One concern with this alternative is the possibility of volatizing VOCs into the 

air/oxygen as it is injected into the VCM subplume. To alleviate this concern 
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monitoring of VOC levels present in the overburden can be conducted. It is anticipated 

that such air stripping will not be problematic because of the minimal volume and 

periodic injections of air/oxygen into the grovmdwater. Periodic, low volume injections 

will allow most, if not all of the injected air/oxygen to be dissolved into the 

groundwater prior to reaching the vadose zone. Any small residual amounts of 

air/oxygen reaching the vadose zone will still need to migrate through approximately 

50 feet of unsaturated soil before reaching the atmosphere. Any chemicals migrating 

through the vadose zone will continue to undergo further reductions in concenttation by 

natural attenuative processes. Thus, it is expected that injected gas reaching the shallow 

soil/atmosphere, if any, would not contain VOCs at concenttations of concern. 

Biosparging technologies are commercially available. Similarly, several nutrient sources 

suitable for the enhancement of VCM biodegradation are commerdally available and 

may be used if needed. Injection permits would need to be obtained. 

Permits would be required for the drilling of injection wells. These permits should be 

obtainable. 

Availability of Service and Materials: 

All the services, materials and equipment required for this tteatment alternative are 

available from several subconttactors and suppliers. 

Cost 

The estimated capital cost is approximately $1,260,000. The estimated O&M costs are 

approximately $319,000 for biosparging per year. The present worth costs, using a 

discovmt factor of 5 percent over periods of 3, 5, and 10 years are shown below. Also 

shown, are the present worth costs to account for the possible requirement of using 

enhanced aerobic bioremediation for 2 years, associated with the 3, 5, and 10 year 

periods. The 3-year time period represents the most likely time frame for this 

alternative. 

Operating Biosparging 

Period Present 

(Years) Worth 

3 $2,129,000 

5 $2,641,000 

10 $3,723,000 
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Biosparging and Enhanced Aerobic Bioremediation 

Operating Present 

Period Worth 

(Years) 

5(1) $2,542,000 

7(2) $3,016,000 

12(3) $4,016,000 

Notes: 

(1) 3 years biosparging plus 2 supplemental years enhanced bioremediation. 

(2) 5 years biosparging plus 2 supplemental years enhanced bioremediation. 

(3) 10 years biosparging plus 2 supplemental years enhanced bioremediation. 

For the most likely operating period of 3 years, the present worth cost ranges from 

$2,129,000 (without supplemental 2 years of erJianced bioremediation) to $2,542,000 

(including 2 years of enhanced bioremediation). The above values do not include the 

minor Northrop IRM O&M contiibution. 

The reliance of Alternative 4C on the Northrop IRM for the tieatment of residual 

chemicals on the groundwater from the VCM subplume will result in a minor 

contribution needing to be made toward the $56,000,000 cost of the Northrop IRM. 
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6.0 COMPARATIVE ANALYSIS 

This section presents a comparative analysis of the alternatives that were analyzed in 

detail in Section 5.0. The comparison will be used to evaluate the advantages and 

disadvantages of the alternatives based on the same seven criteria that were used for the 

detailed analysis. 

The seven alternatives are as follows: 

Alternative 1: 

Alternative 2: 

Alternative 3A: 

Alternative 3B: 

Alternative 4A: 

Alternative 4B: 

Alternative 4C: 

- No Further Action - Northrop IRM (No VCM Treatment); 

- Enhanced Northrop IRM (Supplemental VCM Treatment If 

Necessary); 

- VCM Subplume Containment, Treatment, and Discharge for VCM 

Mass Reduction; 

- VCM Subplume Containment, Treatment, and Discharge to Achieve 

Groundwater ARARs; and 

- In Situ Treatment of VCM Subplume by Enhanced Aerobic 

Bioremediation for VCM Mass Reduction. 

- In Situ Treatment of VCM Subplume by Chemical Oxidation for 

VCM Mass Reduction. 

- In Situ Treatment of VCM Subplume by Biosparging for VCM Mass 

Reduction. 

i 

6.1 OVERALL PROTECTION OF HUMAN 
HEALTH AND ENVIRONMENT 

All alternatives provide capture of the VCM contaminated grovmdwater and thus 

protect human health and the environment in the following decreasing order (i.e., most 

protective to least protective): 
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1. 

2. 

3. 

4. 

Alternative 3B 

Alternative 3A 

Alternative 4A 

Alternative 4B 

Alternative 4C 

Alternative 2 

Alternative 1 

Alternative 3B is most protective because VCM concenttations are reduced to MCLs in 

the MW-52 area, whereas Alternatives 3A, 4A, 4B, and 4C remove VCM mass from the 

MW-52 area to concentiations such that supplemental VCM tteatment of air discharge at 

GP-1 is not required for the Northrop IRM. Alternative 2 allows VCM to remain in the 

MW-52 area and migrate to the Northrop IRM where supplemental VCM tieatment of 

air discharges at GP-1 will likely be required. Alternative 1 is least protective because 

although containment and groundwater tteatment for the VCM is provided by the 

Northrop IRM, no tieatment of the IRM air discharges for VCM is provided. 

6.2 COMPLIANCE WITH ARARs AND TBCs 

All alternatives, except for Alternative 1, comply with chemical-spedfic ARARs, which 

consist primarily of federal and state MCLs for groundwater and water supply and air 

discharge criteria. Alternative 1 does not comply because no tteatment of the IRM air 

discharges for VCM is provided. All alternatives, except for Alternative 1, comply with 

action specific ARARs which include regulations for discharge of air and water stteams, 

as well as off-site ttansportation and disposal of hazardous wastes (solvents). 

6.3 LONG-TERM EFFECTIVENESS AND PERMANENCE 

All alternatives, except for air discharges for Alternative 1, should be effective in the 

long term, because at the end of the remediation, no groundwater with elevated VCM 

concentiations will remain to the extent that further tteatment is reqviired to protect 

human health and the envirorunent. 
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6.4 REDUCTION OF TOXICITY. MOBILITY. AND VOLUME 

All alternatives offer a reduction in toxicity, via VCM destruction, in the following 

decreasing order (greatest reduction to least reduction): 

1. 

2. 

3. 

4. 

Alternative 3B 

Alternative 3A 

Alternative 4A 

Alternative 4B 

Alternative 4C 

Alternative 2 

Alternative 1 

Alternative 3B is ranked first because it reduces VCM subplume concentiations in the 

MW-52 area to achieve the MCL for VCM more quickly. Alternatives 3A, 4A, 4B, 

and 4C all reduce the VCM subplume mass so that supplemental tteatment at the 

Northrop IRM-is not required. Ultimately, under each of the alternatives all of the VCM 

subplume will either be captured through grovmdwater exttaction and tieated or 

addressed through in situ tieatment (except for the off-gas for Alternative 1). 

6.5 SHORT-TERM EFFECTIVENESS 

Although all of the alternatives are expected to be effective in the short term, the 

potential for worker and community exposure to chemicals varies between the 

alternatives. The potential risk of a release of chemicals or the potential hazards of 

operating the tieatment system is proportional to the volume of water tteated, the type 

and concenttation of chemicals in the water, and the t )^e of tieatment used. 

,/ 

The potential exposure of workers and the community to VCM from industiial well 

tieatment system off-gases, if constructed, would be contiolled. 
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The most representative time period for which each Alternative is required to operate 

varies as follows: 

± 3 Years 

(very short) 

± 5 Years 

(short) 

±10 Years 

(medium) 

±30 Years 

(long) 

>50 Years 

(veru long) 

Alternative 4 C Alternative 3A Alternative 4A Alternative 3B Alternative 2 

Alternative 4B Alternative 1 

The above durations do not include the time necessary to fully reach the remedial action 

objectives which require all of the impacted grovmdwater to flow to the Northrop IRM 

.(>50 years). 

6.6 IMPLEMENTABILITY 

i 

Although all of the alternatives are expected to be implementable, the ease of installation 

and operation for the tieatment plants vary based on the number of tieatment vmits, the 

type of tteatment, and location of the units. 

Alternative 1 is the easiest to implement as the Northrop IRM is already operational. 

Alternative 2 is the same as Alternative 1 except that additional sentinel monitoring for 

VCM would be performed and tieatment of the off-gas from GP-1 for VCM would be 

implemented if needed. 

Alternatives 3A and 3B would take longer to implement than Alternatives 1 and 2, 

because they would require the constiuction of grovmdwater exttaction and tieatment 

vinits and tie-ins to existing utilities. 

Alternatives 4A, 4B, and4C involve the in situ degradation/destruction of the VCM. 

Implementation requires installation of permanganate/nuttient/air/oxygen delivery 

systems. The Phase I Remediation would be required to be performed to confirm all of 

the design components. Alternatives 4A and 4B use liquids as the carrier of additives 

and these are more dependant on the hydraulic characteristics of the groundwater flow 

system to achieve additive distiibution than Alternative 4C. Also, liquid distribution 

may be limited by clay layers within the aquifer. Alternative 4C uses air or oxygen as 

the additive. The gas has greater distiibution potential including superior ability to 

migrate upward from the injection location and thereby has greater potential to impact 
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more of the impacted aquifer. Both liquid and gas delivery systems may require 
nwiltiple injection points at various elevations to overcome vertical migration limiting 
factors (e.g., clay layers). 

Permits or permit modifications would be required for the discharge of air and tieated 
groundwater for each of the alternatives. These permits should be obtainable. 

6.7 COST 

i 

The estimated capital and O&M costs for each of the alternatives for the most 
representative time period of operation is svimmarized. Details on these cost estimates 
and for the low and high operating periods are provided in Appendix B. 

Alternative 

1 

2 . 

3A 

35 

4A 

43, 

4C 

Capital ($) 

0 

456,000 

3,474,000 

4,195,000 

1,566,000 

1,566,000 

1,260,000 

Operation & 
Maintenance 

($/yr) 

0 

123,000 

643,000 to 

691,000 

679,000 to 

727,000 

257,000 

297,000 

319,000 

Most Likely 
Years of 

Operation 

70 

70(3) 

5 

30 

10 

5 

3 

Present 
Worth ($) 

0 

330,000 

$6,258,000 to 

$6,465,000 

$14,633,000 to 

$15,370,000 

$3,551,000 

$2,850,000 to 

$3,225,000(2) 

$2,129,000 to 

$2,542,000(2) 

Requires Minor 
Contribution 

toward 
Northrop IRM 

(1) 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 
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Notes: 
(1) A minor contiibution toward the Northrop IRM cost of $56,000,000 must be 

added. However, the amount of the contribution is indeterminate at this time. 
(2) Range is provided to account for the possible requirement to use enhanced 

aerobic bioremediation for an additional two years. 
(3) Operation would start in 40 years. 

I 
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TABLE 2.1 

SUMMARY OF REASONABLE MAXIMUM EXPOSURE(l) 

RISK BY GROUNDWATER 

HOOKER/RUCO SITE, HICKSVILLE, NEW YORK 

Receptor 

Child Resident 
Adult Resident 

Child Resident 
Adult Resident 

Child Resident 
Adult Resident 

Exposure 
Pathway 

Inhalation 
Inhalation 

Ingeshon 
Ingestion 

Dermal Contact 
Dermal Contact 

Carcinogenic 
Risk 

1.09E-04 
5.06E-04 

8.84E-04 
2.21E-03 

1.34E-05 
1.12E-04 

Major 
Contributors 

VCM 

VCM, Arsenic, 
Beryllium, PCE 

VCM, Arsenic, 
PCE 

Percent Contribution 
by VCM 

98 , 
99 

69 
69 

66 
65 

Noncarcinogenic 
Risk 

0.12 
0.058 

10.2 
4.89 

0.12 
0.20 

Major 
Contributors 

Carbon Disulfide, 
4-Methyl-2-Pentanone 

Antimony, Arsenic 

Antimony, Arsenic, PCE, 
Bis(2-ethylhexyl)phthalate 

Note: 

(1) 95% Upper Confidence Limit concentration for VCM = 68.5 jag/L. 

CRA 6883 (18) 
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TABLE 3.1 

FEDERAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 
HOOKER/RUCO SITE 

HICKSVILLE, NEW YORK 

I 

ARAR Citation 

Contaminant-Svecific 

Safe Drinking Water Act 
(42 USC 300) 

Maximum Contaminant Levels 
(MCLs) 40 CFR 141.11-141.16 
Maximum Contaminant Level 
Goals (MCLGs) 
40 CFR 141.50-141.51 

Reference Doses (RfDs), EPA Office 
of Research and Development 

Carcinogenic Potency Factors, EPA 
Environmental Criteria and 
Assessment Office; EPA Carcinogen 
Assessment Group 

Health Advisories, EPA Office of 
Drinking Water 

Clean Air Act (42 USC 7401) 
National Ambient Air Quality 
Standards (NAAQS) (40 CFR Part 50) 

Clean Air Act (42 USC 7401) 
National Emissions Standards for 
Hazardous Air Pollutants 
(NESHAPs) (40 CFR Part 61) 

Air/Superfund National Technical 
Guidance Study Services 

Location-Specific 

Groundwater Protection Strategy 
(EPA, 1984) 

The Clean Air Act (CAA) Prevention 
of Significant Deterioration (PSD) 
Standards (40 CFR Part 52.21) 

Rationale for Use 

Applicable in developing remediation goals for the 
contaminated groundwater in accordance with 
SARA Section 121(d)(2)(A)(iii). Also considered as 
discharge criteria for alternatives including 
groundwater treatment. 

To be considered (TBC) requirement in the public 
health assessment. 

Site alternatives may result in emission of 
unacceptable levels of airborne particulates to the 
atmosphere. The primary (and secondary 
standard) for particulate matter, expressed as 
PM-10 is 150 [24-hour, annual arithmetic mean] 
and 50 [1-year, annual arithmetic mean]. 
Construction activities and VOC emissions from 
air stripping are of particular concern during 
remediation. 

Standards are possibly, but not likely, to be 
relevant and appropriate since these standards 
were developed for specific, significant sources. 
Particulates and VOCs are of primary concern. 

Emission factors for Superfund remediation 
technologies and models for estimating air 
emission rates from Superfund remedial actions. 

Groundwater beneath the VCM subplume is likely 
designated as Class II. 

Although not classified as a major source, 
corrective measures alternatives (e.g., air stripping) 
may result in air emissions to the atmosphere. The 
Site is in a NAAQS non-attainment area for ozone. 

Type of Requirement 

Applicable 

TBC 

TBC requirement in the public health assessment. TBC 

TBC requirement in the public health assessment. TBC 

Potentially Applicable 

Potentially Relevant 
and Appropriate 

TBC 

TBC 

Potentially Relevant 
and Appropriate 

CRA 6883 (18) 
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TABLE 3.1 

FEDERAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 
HOOKER/RUCO SITE 

HICKSVILLE, NEW YORK 

ARAR Citation 

Action-Specific 

Resource Conservation and 
Recovery Act (RCRA) 

Identification and Listing of 
Hazardous Waste 
(40 CFR Part 261) 
Land Disposal Restrictions 
(LDRs) (40 CFR Part 268) 

Treatment, Storage, and 
Disposal of Hazardous Waste 
(40 CFR Parts 262-265, and 266) 

National Environmental Policy Act 
(NEPA) (40 CFR Part 6) 

Control of Air Emissions from 
Superfund Air Strippers at 
Superfund Groundwater Sites 
(OSWER Directive 9355.0-28) 

General Pretreatment Regulations 
for Existing and New Sources of 
Pollutants (40 CFR Part 403) 

Underground Injection Control 
Program (40 CFR Parts 144,147) 

OSHA Requirements 
(29 CFR Parts 1910,1926, and 1904)* 

DOT Rules for Hazardous Materials 
Transport (40 CFR Parts 107, 
171-179)* 

Rationale for Use Type of Requirement 

Treatment residuals may be classified as 
characteristic hazardous waste. 

Disposal of treatment residuals which may be 
considered hazardous waste would be subject to 
land disposal restiictions. 

During Site restoration, waste generation, 
tiansport, and/or treatment, storage, and disposal 
activities may occur. 

Potentially Applicable 

Potentially Applicable 

Potentially Applicable 

Consideration of environmental impacts of Applicable 
remedial actions will be addressed in the FS report. 

Site restoration at the Site may include air stripping TBC 
and/or vapor extraction of groundwater The Site 
is in a NAAQS non-attainment area for ozone. 

Effluent from a groundwater treatment system for 
the Site may be discharged to a local POTW. 

Effluent from treatment of groundwater may be 
reinjected through recharge basins into the same 
formation from which it was withdrawn. 

Required for Site workers during construction and 
operation of remedial activities. 

Remedial actions may include off-Site treatment 
and disposal of tieatment residuals (e.g., off-Site 
regeneration of activated carbon) as well as 
samples analysis. 

Potentially Applicable 

Potentially Applicable 

Must be met during 
remediation* 

Must be met during 
remediation* . 

I 

Note: 

These requirements are not true ARARs under SARA since they are not environmental requirements and ARAR 
waiver cannot be obtained; however, these requirements must be met during remedial action. 

CRA 6883 (18) 
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TABLE 3.2 

PRELIMINARY STATE APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 
HOOKER/RUCO SITE 

HICKSVILLE, NEW YORK 

I 

ARAR Citation 

Contaminant-Svecific 

New York Ambient Air Quality 
Standards (6 NYCRR Parts 256 and 
257) 

New York Water Classifications and 
Quality Standards 
(6 NYCRR Parts 609, 700-704) 

New York Public Water Supply 
Regulations (10 NYCRR Part 5) 

Action-Specific 

New York Environmental 
Conservation Law (ECL) (New York 
Consolidated Laws, Chapter 43-B): 

Water Pollution Conti-ol (ECL, 
Article 17) 

Air Pollution Control Act (ECL, 
Article 19) 

New York Solid and Hazardous 
Waste Management Laws (ECL, 
Article 27) 

Uniform Procedures (pCL, 
Article 70) 

New York-Air Pollution Control 
Regulations 
(6 NYCRR Parts 200-254) 

New York Waste Transport Permit 
Regulations (6 NYCRR Part 364) 

New York General Hazardous Waste 
Management System Regulations 
(6 NYCRR Part 370) 

Rationale for Use 

The Site area is classified as Level III. Particulate 
and non-methane hydrocarbon standards will be 
applicable. 

Standards impact selection of groundwater plume 
remediation goals, as well as tieatment goals for 
reinjection of tieated effluent to the aquifer. The 
Site groundwater is classified as GA. 

Drinking water standards impact selection of 
groundwater remediation goals, as well as 
treatment goals for reinjection of treated effluent to 
the aquifer. 

Type of Requirement 

Applicable 

Discharges to state groundwater are prohibited 
vtnless in compliance with all standards, criteria, 
limitation, rules, and regulations. 

Provides policy to maintain the quality of air 
resources of the state. Regulations provided in 
6 NYCRR Parts 200 to 257. 

Addresses solid and hazardous waste 
management. In addition, a preferred state-wide 
hazardous management practices hierarchy is 
provided. 

Establishes uniform review procedures for major 
regulatory programs. Procedures are provided for 
coordinating permitting for a project requiring one 
or more NYSDEC permit. 

Remedial activities (e.g., air stiipping, excavation, 
vacuum extiaction) may adversely impact air 
quality. 

Off-Site transport of tieatment residuals will 
require compliance with these regulations. 

Residuals from treatment could be considered as 
hazardous waste subject to these regulations. 

Applicable 

Applicable 

Potentially Applicable 

Potentially Applicable 

Applicable 

Applicable 

Potentially Applicable 

Potentially Applicable 

Potentially Applicable 

CRA 6883 (18) 
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TABLE 3.2 

PRELIMINARY STATE APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 
HOOKER/RUCO SITE 

HICKSVILLE, NEW YORK 

ARAR Citation Rationale for Use 

New York Identification and Listing Treatment residuals generated at the Site may test 
of Hazardous Wastes Regulations to be characteristic hazardous wastes. 
(6 NYCRR Part 371) 

New York State Air Guide (1991) Provides guidance on calculating limits for offgas 
emissions. 

Type of Requirement 

Potentially Applicable 

To Be Considered (TBC) 

New York Hazardous Waste 
Manifest System Regulations 
(6 NYCRR Part 372) 

New York Final Status Standards for 
Owners and Operators of Hazardous 
Waste Treatment, Storage, and 
Disposal Facilities 
(6 NYCRR Subpart 373-2) 

New York Interim Status Standards 
for Owners and Operators of 
Hazardous Waste Facilities 
(6 NYCRR Subpart 373-3) 

New York Standards for Managing 
Specific Hazardous Wastes and 
Hazardous Waste Management 
Facilities (6 NYCRR Part 374) 

New York Land Disposal 
Restiictions Regulations 
(6 NYCRR Part 376) 

New York Rules on Hazardous 
Waste Program Fees 
(6 NYCRR Parts 483 and 484) 

Manifests will be required for off-Site 
disposal/tieatment of tieatment residuals. 

Treatment and/or storage activities may take place 
on Site. 

Treatment and/or storage activities may take place 
on Site. 

Although unlikely, remedial alternatives may 
include recovery. 

Treatment residuals will be subject to land disposal 
restiictions if hazardous by characteristic. 

No hazardous waste program fees are payable 
related to cleanup, remediation, or corrective 
action activities. However, waste transporter 
program fees will be required for off-Site disposal 
of wastes or treatment residuals. 

Potentially Applicable 

Potentially Relevant and 
Appropriate 

Potentially Relevant and 
Appropriate 

Potentially Relevant and 
Appropriate 

Potentially Applicable 

Potentially Applicable 

i 

New York Water Classifications and 
Quality Standards 
(6 NYCRR Parts 609, 700-704) 

New York Technical Manual 
"Contained-In" Criteria for 
Environmental Media 

Treated groundwater may be reinjected to 
groundwater and would need to comply with 
Groundwater Effluent Standards.. The Site is in 
Nassau County, so will additionally have to 
comply with a maximum concentiation of 
1,000 mg/L total dissolved solids (TDS) and 
10 mg/L total nitrogen (as N). 

May aid in establishing groundwater cleanup 
goals. These standards would allow groundwater 
to be treated to meet SPDES standards and 
discharged on Site even if the groundwater is 
determined to contain a listed hazardous 
constituent. 

Potentially Applicable 

TBC 

CRA 6883 (18) 
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TABLE 3.3 

ARARs/TBCs FOR GROUNDWATER CHEMICALS OF CONCERN (fig/L) 
HOOKER/RUCO SITE 

HICKSVILLE, NEW YORK 

Page 1 of 2 

o 
o 
M 
00 
- J 

Compound 

CRQL/ 

CRDL 

R I Resul ts 
Location of 

Maximum 

Cone. '"' 

Volatile Organics (Geraghty & Miller, 1994; HNUS, 1994) 

Trichloroethene 

Toluene 

1,1-Dichloroe thane 

1,2-DichIoroethene 

1,1,1-Trichloroethane 

Tetrachloroethene 

1,1-Dichloroethene 

Carbon tetrachloride 

Xylenes 

Vinyl chloride 

5 
5 
5 

5 

5 
.5 
5 
5 
5 

2 

Semi-Volatile Organics (HNUS, 1994) 

Bis(2ethylhexyl)phthalate 

Total Phenols '^ ' 

Benzo(b)fluoranthene 

10 

lO(individual) 

10 

HN24I 

HN29S 

HN29S 

HN29S 

HN29S 

HN-29S 

GP-8 

HN24I 

HN29S 

MW-52I 

GP-11 

HN29S 

USGSN10623"* 

Range of 

Detected 

Cone. 

ND-58,000 

ND-39 

ND-880 

ND-3,600 

ND-10,000 

ND-1,400 

ND-420 

ND-8 

ND-19 

ND-2,300 

ND-150 

ND-11 J 

ND-2J 

Federal 

Standards 

MCLs/MCLGs 

5 (FMCL) 

1,000 (FMCL) 

— 
70 cis (FMCL) 

100 tians 
200 (FMCL) 

5 (FMCL) 

7 (FMCL) 

5 (FMCL) 

10,000 (FMCL) 

2 (FMCL) 

6 (FMCL) 

— 
0.2 (PMCL) 

NY State Standards 

MCLs <">''> 

5 
5 
5 

5 

5 
5 
5 
5 
5 

2 

50 

50 

50 

Inorganics (Total) (HNUS, 1994) (Legette, Brashears, & Graham, Inc. 1990) (Geraghty and Miller, 1994) '^' 

Aluminum 
Arsenic 

Cadmium 
Chromium, Total 
Chromium, Hexavalent 
Copper 

Iron 
• 

Lead 

CRA 6883 (18) 

200 
10 

5 
10 
10 

100 

3 

5,000 

HN27S 

K-2 

HN27S 

HN27S 

HN25 

GM13S 

GM15S 

GM15S 

ND-33,800 

ND-59 

ND-392 

ND-169 

ND-174J 

ND-838J 

114-229,000 

ND-169 

200 (FSMCL) 

50 (Review) 

5 (FMCLG) 

lOO(FMCLG) 

— 
1,300 (FMCLG) 

300 (FSMCL) 

15 (Action Level) 

— 
50 

10 
100 
— 

1,000 (SMCL) 

300(SMCL)'^' 

15 (Action Level) 

GW Quali ty 

Standards 

5 
5 
5 

5 

5 
5 
5 
5 
5 

2 

50 

1 (total phenols) 

— 

— 
25 

10 
50 
50 
200 

300"=* 

25 

NY State 

Guidance 

TAGM*^ 

5 
5 
5 

5(cis)'«' 

5 (tians) '^' . 
5 
5 
5 
5 

5 (ortho) 
5 (meta) 5 (para) 

2 

50 

1 (total phenols) 

0.002 

— 
25 
5(s) 

50 
50 

200 ' 

300'"' 

15'«' 

NY State 
GW 

Effluent 
Standard 

10 
NA 
NA 

NA 

NA 
NA 

.NA 
5 

NA 

NA 

4,200 

NA 

NA 

2,000 

50 

20 
NA 
100 

1,000 

600 

50 

PRG 

5 
5 
5 

5 

5 
5 
5 
5 
5 

2 

6 

1 (total phenols) 

0.002 (TOGS) 

200 (FMCL) 

25 

5 
50 
50 
200 

300 

15 



TABLE 3.3 

ARARs/TBCs FOR GROUNDWATER CHEMICALS OF CONCERN (ug/L) 
HOOKER/RUCO SITE 

HICKSVILLE, NEW YORK 

Page 2 of 2 

Compound 

Manganese 
Thallium 
Vanadium 
Cyanide 
Nickel 

CRQL/ 

CRDL 

0.2 
50 
20 
— 

5,000 

RI Results 
Location of 
Maximum 

Cone. '"' 

GM13S 
HN24I 
HN29S 
HN27S. 
GM13S 

Range of 
Detected 

Cone. 

7.65-1,720 J 
ND-3.1 J 
ND-419 

ND-2,690 
ND-132 

Federal 
Standards 

MCLs/MCLGs 

200 (LMCLG) 
2 (FMCL) 

... 
200 (FMCL) 
100 (FMCL) 

NY State Standards 

MCLs <"''> 

300 (SMCL) <"' 
— 
... 
... 
... 

GW Quality 

Standards 

300'"' 
— 
... 
100 
. . . 

NY state 
Guidance 
TAGM*^ 

300<"' 
4 

250 
100 
100 

NY State 
GW 

Effluent 
Standard 

600 
NA 
NA 
400 

2,000 

PRG 

200 (LMCLG) 
2 (FMCL) 

250 
100 (FMCL) 
100 (FMCL) 

Notes: 

o 
o 
l-» 
00 
00 

F 
L 
P 

s 
CRDL 
CRQL 
IDL 
MCL 
MCLG 
PRG 
(a) 

(b) 

(c) 

(d) 

(e) 

' < " 
(g) 

i 
(h) 

(i) 

i 

1 

• CRA 6883 (18) 

Not Detected 
Final 
Listed 
Proposed 
Secondary 
Contract Required Detection Limit 
Contract Required Quantitation Limit 
Instiument Detection Limit 
Maximum Contaminant Level 
Maximum Contaminant Level Goals 
Preliminary Remedial Action Goal = most stringent of FMCLs Groundwater Quality Standard or Contained in Policy. 

Includes data from all sampling rounds since 1990. 

Total Principal Organic Contaminants (POCs) (i.e., includes listed volatile organics and Unspecified Organic Contaminants (UOCs) not to exceed 100 Jig/L total. 

Reference: New York Public Supply Regulations, Part 5-1, 07/17/92 

Reference: New York Water Classifications and Quality Standards, Title 6, Chapter V, Part 703. 

Combined concentiation of iron and manganese shall not exceed 500 pg/L. Iron and manganese not to exceed 300 ug/L. 

Reference: New York Technical Manual, "Contained In" Criteria for Environmental Media. 

Only monitoring wells on NWIRP property (designated with prefix HN-) and Hooker/Ruco Site (such as K-2) were sampled and analyzed for semi-VOCs. 

Only a summary of analytical data is available from the Hooker/Ruco Site. 

Total Phenols = 2-Methylphenol + 4-Methylphenol + 2,4-DimethylphenoI. 

Benzo(b)fluoranthene was detected only in USGS well N10623. This detection is suspected to be due to runoff from a nearby asphalt road through 

leakage in the well cap. 



TABLE 3.4 
Page 1 of 4 

INITIAL I D E N T I F I C A T I O N A N D S C R E E N I N G O F T E C H N O L O G I E S / P R O C E S S O P T I O N S (GENERAL APPLICABILITY) 
FOR G R O U N D W A T E R T R E A T M E N T 

H O O K E R / R U C O SITE 
HICKSVILLE, N E W YORK 

O 
O 

00 

General 
Response Action 

No Action 

Institutional Controls 

Containment 

Removal 

Disposal 

Technology 

No Action 

Institutional Controls 

Capping 

Vertical Barriers 

Extraction 

Enhanced Removal 

Beneficial Re-use 

Surface Discharge 

Subsurface Discharge 

Process 
Options 

No Action 

Fencing 

Deed Restrictions 

Monitoring 

Alternative Water 
Supply 

Capping 

Slurry Walls 

Jet Grouting 

Extraction Wells 

Collection Trench 

Enhanced Removal 

Process Water/ Potable 
Water 

Direct Discharge 
(NPDES) 

Indirect Discharge 
(POTW) 

Off-Site Treatment 
Facility 

Reinjection/SPDES 
Discharge 

Description 

Present conditions are allowed to continue 

Barrier used to restrict Site access 

Administrative action used to restrict future groundwater use 

Sampling and analysis of media to assess contaminant migration 

Replacement of contaminated groundwater source with alternative 

water supply for end user 

Use of impermeable or semi-permeable materials to reduce the vertical 
migration of contaminants from source areas into groundwater 

Clay wall used to restiict horizontal migration of contaminants in 
groundwater 

Use of pressure-injected cement to restrict horizontal migration of 
contaminants in groundwater 

Discrete pumping wells used to remove contaminated water 

A permeable trench used to intercept and collect groundwater 

Blasting or hydrofracturing of bedrock to promote access to 

groundwater in bedrock fractures 

On-Site re-use of groundvyaters in which the contaminants have been 

removed 

Discharge of collected/treated water to a local surface water 

Discharge of collected/treated water to a publicly owned treatment 
works 

Treatment and disposal of hazardous or nonhazardous materials at 
permitted off-Site facilities 

Use of reinjection, spray irrigation, or infiltration to discharge 
collected/treated groundwater to underground 

General 
Screening 

xw 

X(2) 

X(3) 

x(4) 

X(4) 

X(5) 

X(6) 

X(7) 

CRA 6883 (18) 
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INITIAL I D E N T I F I C A T I O N A N D S C R E E N I N G O F T E C H N O L O G I E S / P R O C E S S O P T I O N S (GENERAL APPLICABILITY) 
FOR G R O U N D W A T E R T R E A T M E N T 

H O O K E R / R U C O SITE 
HICKSVILLE, N E W YORK 

Page 2 of 4 

General 
Response Action 

Treatment 

Technology 

Physical 

l ( ^ 

o 
o 
l-» 
VO 

o 1 

j CRA 6883 (18) 

Biological 

Process 
Options 

Extraction 

Dewatering 

Sedimentation 

Equalization 

Filtration 

Flotation 

Reverse Osmosis 

Volatilization 

Adsorption 

Evaporation 

Distillation 

Electrodialysis 

Aerobic 

Aerobic/Anaerobic 

Description 

Separation of contaminants from a solution by contact with an 
immiscible liquid with a higher affinity for the contaminants of concern 

Mechanical removal of free water from wastes using equipment such as 
a filter press or a vacuum filter 

Gravity settling of suspended solids from water in a vessel 

Dampening of flow and/or contaminant concentration variation in a 
large vessel to promote constant discharge rate and water quality 

Separation of materials from water via entrapment in a bed or 
membrane separation 

Separation of oils and suspended solids less dense than water by 
flotation methods 

Use of high pressure and membranes to separate dissolved materials, 
including organics and inorganics from water 

Contact of contaminated water with air to remove volatile compounds. 
Air stripping or steam stripping methods are typically employed 

Adsorption of contaminants onto activated carbon, resins, or activated 
alumina 

Change from the liquid to the gaseous state at a temperature below the 
boiling point 

Vaporization of a liquid followed by condensation of the vapors by 
cooling 

Recovery of anions or cations using special membranes under the 
influence of an electrical current 

Suspended growth or fixed film process employing aeration and 
biomass recycle to decompose organic components 

Suspended growth facultative process in pond or basin employing long 
detention times and aerobic/anaerobic biomass to decompose organic 

. contaminants 

General 
Screening 

X(8) 

xW 

X(8) 

X(8) 

X(8) 

xd") 

x(io) 



TABLE 3.4 

INITIAL I D E N T I F I C A T I O N A N D S C R E E N I N G O F T E C H N O L O G I E S / P R O C E S S O P T I O N S (GENERAL APPLICABILITY) 
FOR G R O U N D W A T E R T R E A T M E N T 

H O O K E R / R U C O SITE 
HICKSVILLE, NEW YORK 

Page 3 of 4 

General 
espouse Action Technology 

Chemical 

Process 
Options 

Anaerobic 

Ion Exchange 

Electrolytic Recovery 

Enhanced Oxidation 

1 ^ 

O 
O 
1-' 
VO 

In Situ Treatment 

• 

Chemical/Physical 

Biological 

Reduction 

pH Adjustment 

Dechlorination 

Flocculation/ 
Coagulation 

Precipitation 

Soil Flushing 

Chemical Oxida 

Biosparging 

Description 

Suspended growth or fixed film process employing anaerobic biomass 
to decompose organic contaminants 

Process in which ions, held by electrostatic forces, to charged functional 
groups on the ion exchange resin surface, are exchanged for ions of 
similar charge in a water stream 

Passage of an electric current through a solution with resultant ion 
recovery on positive and negative electrodes 

Use of strong oxidizers such as ultraviolet light, ozone, peroxide, 
chlorine, or permanganate to chemically oxidize materials. Typically 
hydrogen peroxide (and/or ozone) with UV light is Utilized for 
groundwater remediation. Oxidation may also be accomplished 
through the use of high temperatures, pressures, and air 

Use of strong reducers such as sulfur dioxide, sulfite, or ferrous iron to 
chemically reduce the oxidation state of materials 

Use of acids or bases to counteract excessive pHs or to adjust pH to 
optimum for a given technology 

Use of chemicals to remove chlorine from chlorinated, compounds 

Use of chemicals to neutralize surface charges and promote attraction 
of colloidal particles to facilitate settling 

Use of reagents to convert soluble materials into insoluble materials 

Flushing of contaminants using an injection/extraction well system and 
above-ground treatment system 

Addition of oxidant (potassium permanganate) to groundwater 
interval, oxidant reacts with VCM to form carbon dioxide, water, 
potassium chloride and manganese oxide 

Innovative technology that uses dispersion of air into the groundwater 
formation to create an "air lift affect" that strips VCM from 
groundwater as the air rises to the vadose zone 

General 
Screening 

xd") 

X(8) 

X(8) 
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TABLE 3.4 

INITIAL I D E N T I F I C A T I O N A N D S C R E E N I N G OF T E C H N O L O G I E S / P R O C E S S O P T I O N S (GENERAL APPLICABILITY) 
FOR G R O U N D W A T E R T R E A T M E N T 

H O O K E R / R U C O SITE 
HICKSVILLE, NEW YORK 

Page 4 of 4 

General 
Response Action 

In Situ Treatment 
(Cont'd.) 

Technology 
Process 
Options 

Bioremediation 

Enhanced 
Bioremediation 

Description 

Passive in situ biodegradation process, which uses a combination of 
modeling and monitoring to demonstrate that downgradient receptors 
are not impacted 

Chemical oxidation and addition of nutrients to enhance aerobic 
degradation 

General 
Screening 

O 
O 
H 
VO 
tSJ 

Notes: 

* - Potentially applicable. 

X - Not applicable. 

(1) - No action retained for baseline comparison purposes. 

(2) - Fencing is already in place at the site and would not prevent migration of/access to groundwater contaminants. 

(3) - Deleted based on large volume users and lack of another potable water source. 

(4) - Aquifer is too deep to implement an effective vertical barrier or permeable trench. Unrestricted groundwater flow exists to a depth of several hundred feet. 

(5) - Aquifer is sufficiently permeable so as not to require enhanced removal. 

(6) - There are no local surface waters for discharge purposes. 

(7) - Volume of contaminated groundwater is too large to effectively transport and treat off Site. 

(8) - These technologies are typically utilized for high concentration wastewater streams and are rarely utilized for groundwater remediation. 

(9) - No floating products are located in the groundwater. 

(10) - Metals are not readily amenable to biodegradation. The end point of biodegradation of chlorinated aliphatics (e.g., PCE and TCE) for reducing conditions is 
ethenes/ethanes, and for oxidizing conditions is carbon dioxide. 
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TABLE 3.5 
Page 2 of 2 

SUMMARY OF COMPARATIVE TECHNOLOGY SCREENING 
FOR SITE GROUNDWATER 

HOOKER/RUCO SITE 
HICKSVILLE, NEW YORK 

Remedial Action Technology 

In Situ Chemical / 
Treatment Physical 

Process 
Option 

Adsorption 

Soil Flushing 

In-Well Biosparging 

Effectiveness 

Handles Volume - High 
Reliability - Low 
Protectiveness - Low 
Meets Goals - Low 

Handles Volume - Medium 
Reliability- Low 
Protectiveness - Medium 
Meets Goals - Medium 

Handles Volume - Medium 
Reliability - Medium 
Protectiveness - Medium 

Implementability 

TSD Availability - High 
Equipment/Resources - High 
Acquire Permits - High 

TSD Availability-NA 
Equipment/Resources - Medium 
Acquire Permits - Medium 

TSD Availability - NA 
Equipment/Resources - Medium 
Acquire Permits - Medium 

Cost 

Capital - Low 
O&M - High 

Capital - Medium 
O&M - Medium 

Capital - Low to Medium 
O&M - Medium 

Retain/ 
Eliminate 

Eliminate 

Eliminate 

Retain 

Chemical Oxidation Handles Volume - Medium 
Reliability- Medium 
Protectiveness - Medium 
Meets Goals - Medium 

TSD Availability - NA 
Equipment/Resources - Medium 
Acquire Permits - Medium 

Capital - Low to Medium Retain 
O&M - Medium 

O 
O 

VO 

Bioremediation 
(enhanced) 

Handles Volume - High 
Reliability - Medium 
Protectiveness - Medium 
Meets Goals - Medium 

TSD Availability - NA 
Equipment/Resources - High 
Acquire Permits - High 

Capital - Low to Medium Retain 
O&M - Medium 

) 
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TABLE 3.5 

S U M M A R Y O F C O M P A R A T I V E T E C H N O L O G Y S C R E E N I N G 
F O R SITE G R O U N D W A T E R 

H O O K E R / R U C O SITE 
HICKSVILLE, NEW YORK 

Page 1 of 2 

Remedial Action 

No Further 
Action 
- Northrop IRM 

Removal 

Technology 

No Further 
Action 

Extraction 

Process 
Option 

No Further 
Action 

Extraction Wells 

Effectiveness 

Handles Volume - High 
Reliability - Low 
Protectiveness - Low 
Meets Goals - Medium 

Handles Volume - High 
Reliability - High 
Protectiveness - High 
Meets Goals - Medium 

Implementability 

TSD Availability - High 
Equipment/Resources - High 
Acquire Permits - High 

TSD Availability - NA 
Equipment/Resources -
Acquire Permits - High 

High 

Cost 

Capital - Low 
O&M - Low 

Capital - Medium 
O&M - Medium 

Retain/ 
Eliminate 

Retain 

Retain 

Treatrhent Physical Dewatering Handles Volume - High 
Reliability - Low 
Protectiveness - Low 
Meets Goals - Low 

TSD Availability - Medium 
Equipment/Resources - High 
Acquire Permits - High 

Capital - High 
O&M - Medium 

Eliminate 

Volatilization 
(counter-current 
Packed tower) 

Handles Volume - High 
Reliability - High 
Protectiveness - High 
Meets Goals - High 

TSD Availability - Medium 
Equipment/Resources - High 
Acquire Permits - Medium 

Capital - Medium 
O&M - Low to 
Medium 

Retain 

O 
O 
l-» 
VO 

Volatilization 
(open basin with 
Mixer/diffuser/ 
Bubbler) 

Handles Volume - Medium 
Reliability - High 
Protectiveness - High 
Meets Goals - High 

TSD Availability - Medium 
Equipment/Resources - High 
Acquire Permits - Medium 

Capital - Low to 
Medium 
O&M - Low to Medium 

Eliminate 
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1.0 INTRODUCTION 

This appendix presents the hydrogeologic modeling of the Bethpage regional aquifer 

conducted by Conestoga-Rovers & Associates (CRA) on behalf of Occidental Chemical 

Corporation (OxyChem) and Glerm Springs Holdings Inc. (GSHI) in conjunction with 

the Feasibility Study, Operable Unit-3 (OU-3 FS) for the Hooker Chemical/Ruco 

Polymers Superfund Site (Hooker/Ruco Site). The hydrogeologic modeling was 

conducted to evaluate the impact of the Northrop/Grumman Aerospace 

Corporation (Northrop) Interim Remedial Measure (IRM) on groundwater conditions in 

the vicinity of the Hooker/Ruco Site, and to evaluate the impact of pumping from the 

MW-52 area groimdwater extraction system (MW-52 area system). Specifically, the 

hydrogeologic modeling was conducted to assess the following: 

• the extent of southward vinyl chloride monomer (VCM) migration in groundwater 

under the influence of the Northrop IRM. This assessment was conducted in 

conjunction with Alternative 2 evaluated in the OU-3 FS; 

• the duration of pumping from the MW-52 area system required such that.VCM 

concentrations in groundwater extracted by the Northrop IRM groundwater 

extraction well GP-1 do not exceed concentrations that require supplemental 

treatment of the GP-1 effluent to prevent an exceedance of the Air Guide 1 VCM 

criterion of 0.02 micrograms per cubic meter (jig/m^). This assessment was 

conducted in conjunction with Alternative 3A evaluated in the OU-3 FS; and 

• the duration of pumping from the MW-52 area system required such that VCM 

concentrations in the vidruty of monitoring well MW-52 are reduced to the 

Maximum Concentration Limit (MCL) of 2 micrograms per liter (^g/L) for VCM. 

This assessment was conducted in conjunction with Alternative 3B evaluated in the 

OU-3FS. 

The hydrogeologic modeling was conducted using the calibrated groundwater flow 

model of the Bethpage regional aquifer developed for Northrop by Geraghty & Miller, 

Inc. (G&M). The G&M calibrated grovmdwater flow model was developed using the 

United States Geological Survey's (USGS's) thiree-dimensional firute-difference 

groundwater flow model MODFLOW (McDonald and Harbaugh, 1988). The computer 

files associated with the G&M calibrated groundwater flow model were provided to 

OxyChem by G&M on June 9,1995. G&M subsequently made minor revisions to the 

boundary conditions of the G&M calibrated groundwater flow model. The computer 

files associated with the updated version of the G&M calibrated groundwater flow 

model were provided to OxyChem by G&M on April 29,1996. The computer files 
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associated with the updated G&M calibrated groundwater flow model were used to 
conduct the predictive hydrogeologic simulations presented herein. 

G&M has prepared detailed documentation of the G&M calibrated groundwater flow 
model in the document entitled, "Grovmdwater How Model, Northrop Grvunman 
Corporation, Bethpage, New York" (G&M Model Documentation) (G&M, 1997). A 
detailed description of the G&M calibrated groimdwater flow model, and the G&M 
Model Documentation, are presented in Appendices H and I, respectively, of the report 
entitled, "Draft Remedial Investigation Report, Operable Unit-3, Hooker/Ruco Site, 
Hicksville, New York" (OU-3 RI Report) (CRA, 1999). 

The G&M calibrated groundwater flow model was applied in the VCM migration 
simulations associated with the assessment of Alternatives 2, 3A, and 3B evaluated in 
the OU-3 FS. The coarse horizontal and vertical discretization of the G&M calibrated 
groundwater flow model, while adequate for the simulation of groundwater flow, 
would create significant numerical errors during the solution of the 
advection-dispersion equation. The horizontal and vertical discretization of the G&M 
calibrated groundwater flow model were refined to reduce this numerical error such 
that its impact on the VCM migration simulation was not significant. The refinement of 
the G&M calibrated groundwater flow model discretization is presented in Section 5.1 
of Appendix H of the OU-3 RI Report. The refined model corisists of 12 layers. The 
approximate vertical location of each refined model layer in the vicinity of the 
Hooker/Ruco is presented in Table H.5.1 of Appendix H of the OU-3 RI Report. The 
VCM migration simulations presented in this appendix were conducted using the 
refined model. 

This appendix is organized as follows: 

• Section 1: presents the introduction to, and purpose of, the hydrogeologic 
modeling conducted for the OU-3 FS; 

• Section 2: presents a description of the hydrogeologic modeling programs 
selected to conduct the predictive hydrogeologic simulations for the 
OU-3 FS; 

• Section 3: presents the application of the refined G&M calibrated groundwater 
flow model to conduct the hydrogeologic simulations associated with 
the assessment of Alternatives 2, 3A, and 3B evaluated in the OU-3 FS; 
and 

• Section 4: presents a list of references cited herein. 

I 
i 

f 
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2.0 HYDROGEOLOGIC MODELING PROGRAM SELECTION 

Appropriate simulation programs were selected based upon the purpose and scope of 

groundwater flow and contaminant transport model applied in this modeling study. 

The primary considerations in the program selection included the ability of the program 

to represent the key components of the conceptual groundwater flow model, the 

demonstrated verification that the program correctly simulates the hydrogeologic 

processes being considered, and the proven acceptance of the program by regulatory 

agencies and the scientific/engineering community. 

The following programs were selected to conduct hydrogeologic modeling presented in 

this appendix: 

MODFLOW-96: 

• PATH3D: 

MT3DMS: 

A fully three-dimensional finite-difference transient groundwater 

flow model developed by the USGS (Harbaugh and McDonald, 

1996). MODFLOW-96 is an updated version of USGS's original 

version of MODFLOW developed by McDonald and 

Harbaugh (1988); 

A fully three-dimensional transient particle tracking model 

developed by S.S. Papadopulos & Associates (Zheng, 1991) that 

works in conjunction with MODFLOW-96; and 

A fully three-dimensional finite-difference transient solute mass 

transport model developed for the US Army Corps of Engineers 

by Zheng and Wang (1998) that works in conjunction with 

MODFLOW-96. MT3DMS is an updated version of MT3D 

developed by Zheng (1992). 

These programs have been extensively verified and have been readily accepted by many 

regulatory agencies throughout the United States. 

The pre-processor Grovmdwater Vistas (Environmental Simulations Inc., 1996) was 

applied as a graphical user interface between the simulation model and the required 

MODFLOW-96, PATH3D, and MT3DMS program input files. 
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3.0 PREDICTIVE HYDROGEOLOGIC SIMULATIONS 

The refined G&M calibrated groundwater flow model was applied to conduct the 

predictive hydrogeologic simulations associated with the assessment of Alternatives 2, 

3A, and 3B evaluated in the OU-3 FS. Descriptions of the applied contaminant transport 

simulation input parameters and solution method are presented in Section 3.1. 

Descriptions of the predictive hydrogeologic simvilations conducted for Alternatives 2, 

3A, and 3B are presented in Sections 3.2, 3.3, and 3.4, respectively. 

3.1 CONTAMINANT TRANSPORT SIMULATION 
INPUT PARAMETERS AND SOLUTION METHOD 

3.1.1 INPUT PARAMETERS 

The simulation of VCM migration for each alternative was conducted by appl5dng the 

estimated VCM distribution in the vicinity of the Hooker/Ruco Site and MW-52 area for 

the following four depth zones: shallow (<100 ft BGS), intermediate (100 to 180 ft BGS), 

deep (180 to 270 ft BGS), and very deep (>270 ft BGS). A conservative estimate of the 

areal distribution of VCM in each depth zone was determined based on the most recent 

VCM concentrations detected in each zone. The estimated VCM distribution in the 

shallow, intermediate, deep, and very deep zones are presented on Figures A.3.1, A.3.2, 

A.3.3, and A.3.4, respectively. The observed VCM concentrations used to develop the 

estimated VCM distribution in each zone are presented on these figures. 

The estimated VCM distributions were applied as initial VCM concentrations (i.e., at a 

simulation time of zero) in the refined model layers corresponding to the shallow, 

intermediate, deep, and very deep zones. The VCM distribution estimated for the 

shallow zone was assigned as the initial condition in the refined model layers 1 and 2. 

The VCM distribution estimated for the intermediate zone was assigned as the initial 

condition in the refined model layer 3. The VCM distribution estimated for the deep 

zone was assigned as the initial condition in the refined model layers 4 and 5. The VCM 

distribution estimated for the very deep zone was assigned as the initial condition in the 

refined model layers 6, 7, 8, and 9. 

The migration of the initial VCM distributions was simulated with time under the 

influence of the various remedial alternatives assessed in the OU-3FS. For each of 

Alternatives 2, 3A, and 3B, the migration of the initial VCM concentrations was 

simulated for an 80-year time period vmder the steady-state grovmdwater flow 

conditions associated with each alternative. The processes of advection, dispersion, and 
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retardation due to chemical sorption onto soil particles were represented in the VCM 

migration simulations. The selection of the contaminant transport input parameters 

associated with the representation of these processes is presented below. 

The process of advection is governed by groundwater flow velocity. Groundwater flow 

velocities for the VCM migration simulations for Alternatives 2, 3A, and 3B were 

determined by applying a porosity value of 0.3. The groundwater flow velocities were 

calculated based on the steady-state groundwater flow conditions associated with each 

alternative. 

The process of physical dispersion is governed by the dispersivity of the aquifer 

material combined with grovmdwater flow velocity. A value of 30 feet was applied for 

the longitudinal dispersivity, and values of 3 and 0.3 feet were applied for the 

transverse horizontal and transverse vertical dispersivities, respectively. Transverse 

horizontal and transverse vertical dispersivity values are typically approximated as 

10 percent and 1 percent, respectively, of the longitudinal dispersivity value (Zheng and 

Bennett, 1995). In a study of reported field-scale dispersivity values, Gelhar et al. (1992) 

suggest that longitudinal dispersivity values generally range between one and two 

orders of magnitude less than the observed length, or scale, of an existing contaminant 

plume. However, as the plume length, or scale, increases to distances greater than 300 

to 500 feet, the longitudinal dispersivity values with a high degree of reliability tend to 

plateau at an approximate value of 30 feet. The maximum VCM plume length is 

approximately 2,000 feet, based on the estimated VCM distribution in the deep zone 

shown on Figure A.5.16. As a result, a longitudinal dispersivity value of 30 feet was 

selected for the VCM migration simulation in consideration of the findings of 

Gelhar et a l (1992). 

The process of chemical sorption is governed by the organic carbon partitioning 

coefficient of the compound under consideration, and the fraction of organic carbon 

content of the aquifer soil material. An organic carbon partitioning coefficient value of 

11 milliliters per gram (mL/g) (Salhota et al., 1993) was applied for VCM. A fraction of 

organic carbon content value of 0.002 was considered representative of the sand and 

gravel deposits of the Upper Glacial and Mathogy aquifers that comprise the Bethpage 

regional aquifer. Assuming a dry soil bulk density value for the sand and gravel 

deposits of 1.9 grams per cubic centimeter (g/cm^) and a porosity value of 0.3 provides a 

retardation factor value of 1.14 for VCM. This retardation factor was applied in the 

VCM migration simulations. 

The effect of in situ remediation, or biodegradation, was not represented in the VCM 

migration simulations. Without this process, the simulated VCM concentrations were 
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not subject to reductions because of naturally occvirring, or augmented, biodegradation. 

Because naturally occurring biodegradation processes are active in most subsurface 

environments, the simulated VCM concentrations are higher than those that would be 

estimated if it had been included in the simulations. These are conservative 

representations of VCM migration which provided higher estimated VCM 

concentrations at the Northrop IRM extraction wells and the MW-52 area system 

extraction wells. 

I 
4 

3.1.2 SOLUTION METHOD 

Contaminant transport simulations often are plagued by numerical dispersion or 

artificial oscillation caused by round-off error during the solution of the 

advection-dispersion equation. Numerical dispersion and oscillation result in the 

artificial spreading and dilution of simulated concentrations, and can lead to 

significantly non-conservative results when estimating a simulated concentration profile 

at an extraction well. Although the horizontal and vertical discretization of the G&M 

calibrated groundwater flow model was reduced in the refined model used to conduct 

the VCM migration simulations, an evaluation was conducted to ensure that the 

simulated results were not significantly impacted by numerical dispersion. The 

evaluation was conducted by solving the advection-dispersion equation using both the 

method of characteristics (MOC) and the finite-difference solution methods. 

The MOC solution method is particle tracking based with the advantage that it is 

virtually free of numerical dispersion. However, MOC can lead to large mass balance 

discrepancies because the particle tracking technique does not guarantee local mass 

balance between time steps. The standard firute-difference solution method suffers 

from numerical dispersion and artificial oscillations when the chemical transport 

becomes advection dominated, as normally is the case in the vicinity of grovmdwater 

extraction wells. In order to minimize significant numerical dispersion with the 

standard finite-difference technique, time step sizes often are required to be extremely 

small creating simulation run times of impractical length. In this evaluation, a 

higher-order finite-difference method, referred to as the 

total-variation-diminishing (TVD) method (Zheng and Wang, 1998), was applied as 

implemented in MT3DMS. Like the standard finite-difference method, the TVD method 

conserves mass and has the added benefit that it does not result in excessive numerical 

dispersion and it is essentially oscillation free. In addition, time step sizes for the TVD 

method can be increased such that manageable simulation run times can be achieved. 

i 
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To demonstrate that the VCM simulations presented herein were not significantiy 

impacted by numerical dispersion, the results of the VCM migration simulations 

conducted using both the MOC and TVD methods are presented. 

3.2 ALTERNATIVE 2: ENHANCED NORTHROP IRM 

For Alternative 2, the migration of VCM under the Northrop IRM was simulated over 

an 80-year time period. The pumping and discharge rates associated with the Northrop 

IRM are presented in Table A.3.1. The application of the Northrop IRM pumping and 

discharge rates in the refined model for Alternative 2 is presented in Table A.3.2. The 

simulated VCM concentration profiles at GP-1 over the 80-year time period, reflecting 

the simulated VCM concentrations in the grovmdwater extracted from GP-1, determined 

using both the MOC and TVD methods are presented on Figure A.3.5. Relatively 

insignificant simulated VCM concentrations result at the Northrop IRM extraction wells 

ONCT-1, ONCT-2, and ONCT-3 (i.e., <1 ^g/L). The simulated VCM concentiration 

profile resulting from the TVD method closely follows the simulated VCM 

concentration profile resulting from the MOC method, although the TVD VCM profile 

does lie slightly below the MOC VCM profile. The jaggedness in the MOC VCM profile 

is a tj^ical trait of the MOC method and is a result of the frequent redistribution of 

particles used in the particle tracking algorithm applied in the MOC solution. The mass 

balance error for the MOC solution remained below 1 percent for the first 20 years of the 

simulation, then increased to 5 percent between years 20 and 50, and increased to 

10 percent over the remaining 30 years of the simulation. The mass balance errors for 

the MOC solution demonstrate that the simulation suffered from some mass 

conservation difficulties, as is often the case for the MOC method. The mass balance 

error for the entire TVD solution was less than 0.03 percent indicating that an acceptable 

mass balance was achieved with this solution technique. Despite the mass balance 

problems associated with the MOC method, the close agreement between the TVD and 

the MOC VCM profiles at GP-1 demonstrates that the TVD finite-difference solution 

provides a reasonable prediction of the VCM profile at GP-1 that was not significantly 

impacted by numerical dispersion. 

A VCM concentration of 8.3 H-g/L in groundwater extracted from GP-1 [at a GP-1 

pumping rate of 1,100 gallons per minute (gpm)] will result in an exceedance of the Air 

Guide 1 VCM criterion of 0.02 [Xg/m^ at GP-1. VCM concentrations greater than 

8.3 Ug/L in groundwater extracted from GP-1 will require that supplemental treatment 

be added to the GP-1 grovmdwater treatment system to prevent an Air Guide 1 

exceedance. Based on the VCM concentration profile at GP-1 simulated using the TVD 
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method, a VCM concentration of 8.3 | ig/L in groundwater extracted from GP-1 will be 

exceeded in approximately 44 years. 

3.3 ALTERNATIVE 3A: MW-52 AREA SYSTEM 
TO ACHIEVE MASS REDUCTION 

Alternative 3A involves pumping from the MW-52 area system to remove sufficient 

VCM mass such that VCM from the MW-52 area will not migrate to the Northrop IRM 

at concentrations that would require supplemental VCM treatment at GP-1. 

Specifically, Alternative 3A involves pvimping from the MW-52 area system for a time 

period sufficient to prevent the occurrence of VCM concentrations at GP-1 that exceed 

8.3 |xg/L. The MW-52 area system consists of the three groundwater extraction wells 

SPPW-1, SPPW-2, and SPPW-3. The location of SPPW-1 is approximately 500 feet south 

of MW-52 and a pumping rate of 500 gpm is proposed for this extraction well. The 

locations of SPPW-2 and SPPW-3 are approximately 1000 feet south of MW-52 and a 

pumping rate of 50 gpm is proposed from each of these extraction wells. The location of 

SPPW-2 was simulated at the Northrop production well GP-6. The discharge of treated 

grovmdwater from the MW-52 area system is proposed at Sumps 1 and 2 located in the 

southeast portion of the Hooker/Ruco Site at a rate of 50 gpm to each sump. The 

discharge of the remaining treated groundwater (500 gpm) is proposed at a new sump 

to be located in the northwest portion of the Hooker/Ruco Site. The pumping and 

discharge rates for Alternative 3A associated with the MW-52 area system and the 

Northrop IRM as applied in the refined model are presented in Table A.3.3. 

The MW-52 area system extraction well locations and pumping rates were selected to 

provide hydraulic containment of the VCM impact in the MW-52 area. Particle tracking 

simulations were conducted using PATH3D to evaluate the extent of hydraulic 

contairunent achieved by the MW-52 area system. Particles were released around the 

limit of the estimated VCM impact in the shallow, intermediate, deep, and very deep 

zones presented on Figures A.3.1, A.3.2, A.3.3, and A.3.4, respectively, corresponding to 

the refined model layers 1, 3, 4, and 6. The movement of these particles was simulated 

under the steady-state grovmdwater flow conditions associated with the MW-52 area 

system and the Northrop IRM. The simulated pathways for the particles released in the 

refined model layers 1, 3, 4, and 6, corresponding to the shallow, intermediate, deep, 

and very deep VCM impact, respectively, are presented on Figures A.3.6, A.3.7, A.3.8, 

and A.3.9, respectively. The particle pathways demonstrate that the MW-52 area system 

provides hydraulic containment of the shallow (Figure A.3.6), intermediate 

(Figure A.3.7), and deep (Figure A.3.8) VCM impact. The complete hydraulic 

contairunent of the VCM impact in the very deep zone is not achieved. As presented on 
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Figvire A.3.9, particles released at the southern boundary of the very deep VCM impact 

move southward beyond the MW-52 area system and are captured by GP-1. As 

described above, the purpose of the MW-52 area system for Alternative 3A is to provide 

VCM mass removal, not necessarily to provide complete containment of the VCM 

subplume. 

VCM migration simulations were conducted for Alternative 3A to evaluate the duration 

of pumping from the MW-52 area system necessary to prevent the occurrencie of VCM 

concentrations at GP-1 that exceed 8.3 |xg/L. Two VCM migration simulations were 

conducted. The first VCM migration simulation was conducted under the influence of 

pumping both the MW-52 area system and Northrop IRM for a duration of 7.5 years, 

after which the VCM migration simulation was continued to the end of 80 years vmder 

the influence of the Northrop IRM pvimping only. The second VCM migration 

simulation was conducted under the influence of pumping both the MW-52 area system 

and Northrop IRM for a duration of 5 years, after which the VCM migration simulation 

was continued to the end of 80 years under the influence of the Northrop IRM pumping 

only. The two VCM migration simulations were conducted for Alternative 3A using the 

TVD solution method only. The mass balance error remained below 0.025 percent for 

both simulations. The simulated VCM concentration profiles at SPPW-1, SPPW-2, 

SPPW-3, and GP-1 over 80 years are presented on Figures A.3.10 and A.3.11 for the 

7.5-year and 5-year VCM Subplvime Containment System pumping durations, 

respectively. Relatively insignificant simulated VCM concentrations result at the 

Northrop IRM exta-action wells ONCT-1,'ONCT-2, and ONCT-3 (i.e., <1 ^ig/L). 

For the 7.5-year MW-52 area system pumping duration, the simulated VCM 

concentration at GP-1 does not exceed a concentration of 5 | ig/L (4.7 |xg/L) and 

decreases to approximately 1 M-g/L at the end of the 80 year simulation. For the 5-year 

MW-52 area system pumping duration, the simulated VCM concentration at GP-1 

slightly exceeds a concentration of 5 Ug/L (5.2 Ug/L) and decreases to approximately 

2 |Xg/L at the end of the 80 year simulation. 

3.4 ALTERNATIVE 3B: MW-52 AREA SYSTEM TO ACHIEVE ARARs 

Alternative 3B involves pumping from the MW-52 area system to completely contain 

VCM within the MW-52 area and reduce VCM concentrations to below the VCM MCL 

of 2 Mg/L. For Alternative 3B, the pumping from the VCM Subplume Containment 

System is to prevent VCM concentrations from migrating beyond the MW-52 area 

system at a level greater than 2 Mg/L. The MW-52 area system extraction well layout 

described in Section 3.3 for Alternative 3A was applied for Alternative 3B. The particle 

6883(18) A-9 CoNESTOGA-RovERs & ASSOCIATES 

4 0 0 2 1 0 



tracking simulations described in Section 3.3 for Alternative 3A demonstrate that the 

MW-52 area system pvimping applied for Alternative 3A does not provided complete 

hydraulic containment of the entire VCM impact. For Alternative 3B, it was necessary 

to increase the pumping rates at SPPW-2 and SPPW-3 to 250 gpm to prevent VCM 

nugration beyond the MW-52 area system. The pumping rate at SPPW-1 remained at 

500 gpm. The discharge of the treated groundwater from the MW-52 area system was 

simulated at the same locations applied in Alternative 3A. The pumping and discharge 

rates for Alternative 3B associated with the MW-52 area system and the Northrop IRM 

as applied in the refined model are presented in Table A.3.4. 

The migration of VCM under steady-state groundwater flow conditions resulting from 

the Alternative 3B MW-52 area system pumping and the Northrop IRM pvimping was 

simulated for an 80-year time period. The VCM migration simulation was conducted 

using both the TVD and MOC solution methods for Alternative 3B. The simulated 

VCM concentiration profiles at SPPW-1, SPPW-2, SPPW-3, and GP-1 over tiie 80-year 

time period determined using both the MOC and TVD methods are presented on 

Figure A.3.12. Relatively insignificant simulated VCM concentrations result at the 

Northrop IRM exhraction wells ONCT-1, ONCT-2, and ONCT-3 (i.e., <1 M-g/L). The 

simulated VCM concentration profiles resulting from the TVD method closely follow 

the simulated VCM concentration profiles resulting from the MOC method, although 

the TVD VCM profiles lie slightly below the MOC VCM profiles. The jaggedness in the 

MOC VCM profiles is a tj^ical trait of the MOC method and results from the frequent 

redistribution of particles used in the particle tracking algorithm applied in the MOC 

solution. The mass balance error for the MOC solution remained below 2 percent for 

the entire simulation. The mass balance errors for the MOC solution demonsfrate that 

the simulation suffered from some limited mass conservation difficulties, as is often the 

case for the MOC method. The mass balance error for the entire TVD solution was less 

than 0.005 percent indicating that an acceptable mass balance was achieved with this 

solution technique. Despite the mass balance problems associated with the MOC 

method, the close agreement between the TVD and the MOC VCM profiles at each 

extraction well demonstrates that the TVD finite-difference solution provides a 

reasonable prediction of the VCM migration that was not significantly impacted by 

numerical dispersion. The simulated VCM concentration profiles demonstrate that the 

VCM concentrations are reduced to the VCM MCL concenfration of 2 M ĝ/L at 

approximately 3.5 years, 14 years, and 27 years at SPPW-1, SPPW-2, and SPPW-3, 

respectively. Nosignificant VCM concentrations result at GP-1. 

The VCM concenfration distributions simulated at the end of years 10, 20, and 30 in 

refined model layers 1 to 12 are presented on Figures A.3.13 to A.3.24. At the end of 

year 30, VCM concentrations are reduced to below the MCL in the refined model 
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I 
layers 1, 2, 3,4, 5, 6, 7, and 12. Maximum VCM concenfrations of approximately 5 Mg/L, 
15 Mg/L, 5 Mg/L, and 5 Mg/L remain in refined model layers 8, 9, 10, and 11 at the end 
of year 30. The areas in the refined model layers 8, 9, 10, and 11 where VCM 
concentrations remain above the MCL at the end of year 30 are isolated to the location of 
SPPW-3 (see Figures A.3.20, A.3.21, A.3.22, and A.3.23, respectively). The areas where 
VCM concentrations remain above the MCL are considered minimal and, as 
demonstrated by the VCM concentration profile for GP-1 presented on Figure A.3.12, 
insignificant VCM concenfrations reach the Northrop IRM exfraction wells. Therefore, 
the MW-52 area system pumping simulated for Alternative 3B provides containment of 
the VCM impact in the MW-52 area and essentially reduces VCM concentrations to 
below the VCM MCL of 2 Mg/L within approximately 30 years. 

I 
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figure A.3.5 
ALTERNATIVE 2: ENHANCED NORTHROP IRM 
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ALTERNATIVE 3A 

MW-52 AREA SYSTEM TO ACHIEVE MASS REDUCTION 
HYDRAULIC CONTAINMENT OF SHALLOW VCM IMPACT 

OU-3 FEASIBILITY STUDY 
Hooker/Ruco Site, Hicksville, New York 
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figure A.3.7 
ALTERNATIVE 3A 

MW-52 AREA SYSTEM TO ACHIEVE MASS REDUCTION 
HYDRAULIC CONTAINMENT OF INTERMEDIATE VCM IMPACT 

OU-3 FEASIBILITY STUDY 
Hooker/Ruco Site, Hicksville, New York 
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figure A.3.8 
ALTERNATIVE 3A 

MW-52 AREA SYSTEM TO ACHIEVE MASS REDUCTION 
HYDRAULIC CONTAINMENT OF DEEP VCM IMPACT 

OU-3 FEASIBILITY STUDY 
Hooker/Ruco Site, Hicksville, New York 
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figure A.3.9 
ALTERNATIVE 3A 

MW-52 AREA SYSTEM TO ACHIEVE MASS REDUCTION 
HYDRAULIC CONTAINMENT OF VERY DEEP VCM IMPACT 

OU-3 FEASIBILITY STUDY 
Hooker/Ruco Site, Hicksville, New York 
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figure A.3.10 
ALTERNATIVE 3A 

7.5-YEAR PUMPING OF MW-52 AREA SYSTEM TO ACHIEVE MASS REDUCTION 
SIMULATED VCM CONCENTRATION PROFILES 

OU-3 FEASIBILITY STUDY 
Hooker/Ruco Site, Hicksville, New York 
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figure A.3.11 
ALTERNATIVE 3A 

5-YEAR PUMPING OF MW-52 AREA SYSTEM TO ACHIEVE MASS REDUCTION 
SIMULATED VCM CONCENTRATION PROFILES 

OU-3 FEASIBILITY STUDY 
Hooker/Ruco Site, Hicksville, New York 
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figure A.3.12 
ALTERNATIVE 3B 

MW-52 AREA SYSTEM TO ACHIEVE ARARs 
SIMULATED VCM CONCENTRATION PROFILES 

OU-3 FEASIBILITY STUDY 
Hooker/Ruco Site, Hicksville, New York 
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figure A.3.13 
ALTERNATIVE 3B 

MW-52 AREA SYSTEM TO ACHIEVE ARARs 
SIMULATED VCM CONCENTRATION IN LAYER 1 

OU-3 FEASIBILITY STUDY 
Hooker/Ruco Site, Hicksville, New York 
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20-year simulated VCM concentrations in layer 2 of refined model (ug/L). 

30-year simulated VCM concentrations in layer 2 of refined model (ug/L). 

Note: VCM concentrations above 0.1 ug/L do not 

remain in layer 2 for years 20 and 30. 
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figure A.3.14 
ALTERNATIVE 3B 

MW-52 AREA SYSTEM TO ACHIEVE ARARs 
SIMULATED VCM CONCENTRATION IN LAYER 2 

OU-3 FEASIBILITY STUDY 
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(L9+L10) 

Legend 

Active sump/recharge basin location. 

GP-1 
H Northrop pumping well bcation and pumping rate (gpm) 

1075 from refined model layers (). 
(L10-H.11) 

6192 
3 Municipal pumping well location and pumping rate (gpm) 
375 fium refined model layers (). 

(L10+L11) 
SPPW-1 

^ VCM System pumping well location and pumping rate (gpm) 
500 from refined model layers (). 

(L4-H.5) 

68 Simulated steady-state hydraulic head in layer 3 of refined model (ft amsl). 
10 10-year simulated VCM concentrations in layer 3 of refined model (ug/L). 
10 20-year simulated VCM concentrations in layer 3 of refined model (ug/L). 
10 30-year simulated VCM concentrations in layer 3 of refined model (ug/L). 

Note: VCM concentrations above 0.1 ug/L do not 
remain in layer 3 for year 30. 
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figure A.3.15 
ALTERNATIVE 3B 

MW-52 AREA SYSTEM TO ACHIEVE ARARs 
SIMULATED VCM CONCENTRATION IN LAYER 3 

OU-3 FEASIBILITY STUDY 
Hooker/Ruco Site, Hicksville, New York 

06883-00(018)GN-W-HYD (n:\heg\6883btfs\mod«2vcm33,srf) MAR 2/99 



(L9+L10) 

Legend 

GP-1 

• 
1075 

(L10-H.11) 
6192 
3 
375 

(L10-HL11) 
SPPW-1 

500 
(L4-H.5) 

Active sump/recharge basin location. 

Norttirop pumping well location and pumping rate (gpm) 
from refined model layers (). 

Municipal pumping well location and pumping rate (gpm) 
ft'om refined model layers (). 

VCM System pumping well location and pumping rate (gpm) 
from refined model layers (). 

68 — Simulated steady-state hydraulic head in layer 4 of refined model (ft amsl). 
10 10-year simulated VCM concentrations in layer 4 of refined model (ug/L). 
10 — 20-year simulated VCM concentrations in layer 4 of refined model (ug/L). 
10 30-year simulated VCM concentrations in layer 4 of refined model (ug/L). 

Note: VCM concentrations above 0.1 ug/L do not 
remain in layer 4 for year 30. 
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figure A.3.16 
ALTERNATIVE 3B 

MW-52 AREA SYSTEM TO ACHIEVE ARARs 
SIMULATED VCM CONCENTRATION IN LAYER 4 

OU-3 FEASIBILITY STUDY 
Hooker/Ruco Site, Hicksville, New York 
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Legend 

Active sump/recharge basin location. 

GP-1 
m Northrop pumping well location and pumping rate (gpm) 

1075 from refined model layers (). 
(L10-H.11) 

6192 
(J Municipal pumping well location and pumping rate (gpm) 
375 ft'om refined model layers (). 

(L10-H.11) 
SPPW-1 

^ VCM System pumping well location and pumping rate (gpm) 
500 ft'om refined model layers (). 

(L4-H.5) 
68 — Simulated steady-state hydraulic head in layer 5 of refined model (ft amsl). 

^ ^ 10 — 10-year simulated VCM concenti'ations in layer 5 of refined model (ug/L). 
10 — 20-year simulated VCM concentrations in layer 5 of refined model (ug/L). 
10 30-year simulated VCM concenti'ations in layer 5 of refined model (ug/L). 
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figure A.3.17 
ALTERNATIVE 3B 

MW-52 AREA SYSTEM TO ACHIEVE ARARs 
SIMULATED VCM CONCENTRATION IN LAYER 5 

OU-3 FEASIBILITY STUDY 
Hooker/Ruco Site, Hicksville, New York 
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Legend 

GP-1 

• 
1075 

(L10-M.11) 
6192 

3 
375 

(L10-H.11) 

SPPW-1 

• 
500 

(L4+L5) 

68 — 
1 0 -

1 0 -

1 0 -

Active sump/recharge basin location. 

Northrop pumping well location and pumping rate (gpm) 
ft'om refined model layers ( ) . 

Municipal pumping well location and pumping rate (gpm) 
ft'om refined model layers () . 

VCM System pumping well location and pumping rate (gpm) 
ft'om refined model layers () . 

Simulated steady-state hydraulic head in layer 6 of refined model (ft amsl) 

10-year simulated VCM concentrations in layer 6 of refined model (ug/L). 

20-year simulated VCM concenti'ations in layer 6 of refined model (ug/L). 

30-year simulated VCM concentrations in layer 6 of refined model (ug/L). 
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figure A.3.18 
ALTERNATIVE 3B 

MW-52 AREA SYSTEM TO ACHIEVE ARARs 
SIMUUTED VCM CONCENTRATION IN LAYER 6 

OU-3 FEASIBILITY STUDY 
Hooker/Ruco Site, Hicksville, New York 
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(L9+110) 

Legend 

GP-1 

Active sump/recharge basin location. 

• Northrop pumping well location and pumping rate (gpm) 
1075 from refined model layers (). 

(L10-H.11) 

6192 
3 Municipal pumping well bcation and pumping rate (gpm) 
375 from refined model layers (). 

(L10-H.11) 
SPPW-1 

^ VCM System pumping well location and pumping rate (gpm) 
500 from refined model layers (). 

{L4-H.5) 

68 — Simulated steady-state hydraulic head in layer 7 of refined model (ft amsl) 
10 — 10-year simulated VCM concentrations in layer 7 of refined model (ug/L). 
10 — 20-year simulated VCM concentrations in layer 7 of refined model (ug/L). 

— 10 30-year simulated VCM concentrations in layer 7 of refined model (ug/L). 

CRA 

figure A.3.19 
ALTERNATIVE 3B 

MW-52 AREA SYSTEM TO ACHIEVE ARARs 
SIMULATED VCM CONCENTRATION IN LAYER 7 

OU-3 FEASIBILITY STUDY 
Hooker/Ruco Site, Hicksville, New York 
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(L9+110) 

Legend 

GP-1 

Active sump/recharge basin location. 

Northrop pumping well location and pumping rate (gpm) 
from refined model layers (). 

Municipal pumping well location and pumping rate (gpm) 
from refined model layers (). 

1075 
(L10-H.11) 

6192 
3 
375 

(L10-H.11) 
SPPW-1 

^ VCM System pumping well location and pumping rate (gpm) 
500 from refined model layers (). 

(L4-H.5) 

68 Simulated steady-state hydraulic head in layer 8 of refined model (ft amsl) 
10 10-year simulated VCM concenti'ations in layer 8 of refined model (ug/L). 
10 20-year simulated VCM concenti'ations in layer 8 of refined model (ug/L). 
10 30-year simulated VCM concentrations in layer 8 of refined model (ug/L). 
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figure A.3.20 
ALTERNATIVE 3B 

MW-52 AREA SYSTEM TO ACHIEVE ARARs 
SIMULATED VCM CONCENTRATION IN LAYER 8 

OU-3 FEASIBILITY STUDY 
Hooker/Ruco Site, Hicksville, New York 
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1+110) 

Legend 

GP-1 

Active sump/recharge basin location. 

H Northrop pumping well location and pumping rate (gpm) 
1075 from refined model layers (). 

(LIO+LII) 

6192 
3 
375 

(L10+L11) 
SPPW-1 

500 
(L4-H.5) 

68 — Simulated steady-state hydraulic head in layer 9 of refined model (ft amsl) 
10 10-year simulated VCM concentiations in layer 9 of refined model (ug/L). 
10 20-year simulated VCM concentrations in layer 9 of refined model (ug/L). 

— ^ 10 ^— 30-year simulated VCM concenti'ations in layer 9 of refined model (ug/L). 

Municipal pumping well location and pumping rate (gpm) 
from refined model layers (). 

VCM System pumping well location and pumping rate (gpm) 
from refined model layers (). 

CRA 

figure A.3.21 
ALTERNATIVE 3B 

MW-52 AREA SYSTEM TO ACHIEVE ARARs 
SIMULATED VCM CONCENTRATION IN LAYER 9 

OU-3 FEASIBILITY STUDY 
Hooker/Ruco Site, Hicksville, New York 
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• A 1 

1.10) 

Legend 

GP-1 

• 
1075 

(L10-H.11) 
6192 
3 
375 

(L10-H.111 
SPPW-1 

• 
500 

(L4-M.5) 
6 8 -
1 0 -
1 0 -
1 0 -

Active sump/recharge basin location. 

Northrop pumping well location and pumping rate (gpm) 
from refined model layers ( ) . 

Municipal pumping well location and pumping rate (gpm) 
from refined model layers ( ) . 

VCM System pumping well location and pumping rate (gpm) 
ft'om refined model layers (). 

Simulated steady-state hydraulic head in layer 10 of refined model (ft amsl) 
10-year simulated VCM concenti'ations in layer 10 of refined model (ug/L). 
20-year simulated VCM concenti'ations In layer 10 of refined model (ug/L). 

' 30-year simulated VCM concenti'ations in layer 10 of refined model (ug/L). 
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figure A.3.22 
ALTERNATIVE 3B 

MW-52 AREA SYSTEM TO ACHIEVE ARARs 
SIMULATED VCM CONCENTRATION IN LAYER 10 

OU-3 FEASIBILITY STUDY 
Hooker/Ruco Site, Hicksville, New York | 
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1.10) 

Legend 

Active sump/recharge basin location. 

GP-1 
H Northrop pumping well location and pumping rate (gpm) 

1075 from refined model layers (). 
(L10-H.11) 

6192 
3 Municipal pumping well location and pumping rate (gpm) 
375 from refined model layers (). 

(L10-H.11) 
SPPW-1 

^ VCM System pumping well location and pumping rate (gpm) 
500 from refined model layers (). 

(L4-K.5) 

68 — Simulated steady-state hydraulic head In layer 11 of refined model (ft amsl) 
10 — 10-year simulated VCM concenti'ations in layer 11 of refined model (ug/L). 
10 — 20-year simulated VCM concentrations in layer 11 of refined model (ug/L). 
10 30-year simulated VCM concentrations in layer 11 of refined model (ug/L). 
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figure A.3.23 
ALTERNATIVE 3B 

MW-52 AREA SYSTEM TO ACHIEVE ARARs 
SIMULATED VCM CONCENTRATION IN LAYER 11 

OU-3 FEASIBILITY STUDY 
Hooker/Ruco Site, Hicksville, New York 
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(L9-I-110) 

Legend 

GP-1 

• 
1075 

(L10-H.11) 
6192 

3 
375 

(L10-H.11) 
SPPW-1 

500 
(L4-H.5) 

68 — 
10 — 
10 — 
10 — 

Active sump/recharge basin location. 

Northrop pumping well location and pumping rate (gpm) 
from refined model layers (). 

Municipal pumping well location and pumping rate (gpm) 
from refined model layers (). 

VCM System pumping well location and pumping rate (gpm) 
from refined model layers (). 

Simulated steady-state hydraulic head In layer 12 of refined model (ft amsl). 
10-year simulated VCM concentrations in layer 12 of refined model (ug/L). 
20-year simulated VCM concentrations in layer 12 of refined model (ug/L). 
30-year simulated VCM concentrations in layer 12 of refined model (ug/L). 
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figure A.3.24 
ALTERNATIVE 3B 

MW-52 AREA SYSTEM TO ACHIEVE ARARs 
SIMULATED VCM CONCENTRATION IN LAYER 12 

OU-3 FEASIBILITY STUDY 
Hooker/Ruco Site, Hicksville, New York 
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I 
TABLE A.3.1 

NORTHROP IRM PUMPAGE AND DISCHARGE RATES 
OU-3 FEASIBILITY STUDY 

HOOKER/RUCO SITE, HICKSVILLE, NEW YORK 

Pumpage (1) 

Production/ 

Extraction 
Well 

np-i 
N . J I 1 1 

GP-2 
" ' GP-3 

GP-4 
GP-5 
GP-6 
GP-8 
GP-9 
GP-10 
GP-11 
GP-13 
GP-14 
GP-15 
GP-16 

ONCT-ID 
ONCT-2D 
ONCT-3D 

G&M Calibrated 

Model Cell 

(i,j,k) 

53,29,7--
43,30,7~ 
48,30,7 
50,29,5 
37,27,5 
35,22,5 

. 26,30,5 
28,32,9 
27,35,5 
29,28,6 
22,34,7 
77,34,6 
26,40,6 
17,42,5 

62,32,7 
63,44,7 
63,51,7, 

Original Northrop IRM 
Minimum 

IRM Pumping Rate 
(gpm) 

1,075-
0 
0 
0 
0 
0 
0 
0 
0 

250 • 
189 
0 
0 

250 

1,000 
600 
700 

Maximum 

IRM Pumping Rate 
(gpm) 

> -1,075^- — _ _ 
0 
0 
0 
0 
0 
0 
0 
0 

1,018 • 
608 

0 
0 

918 

1,000 
600 
700 

Current Northrop IRM 

Pumping Rate 
(gpm) 

\ 075 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1,000 
600 
700 

1 ^ . , (1) Discharge 
-. 

Discharge 

Basin 

Plant 3 Basins 
Plant 5 Basins 
Plant 12 Basins 
Southern Basins 

Number of G&M Model Cells 

and Location Where Discharge 

was Simulated 

24, Northeast of Northrop Plant 3 
4, South of Northrop Plant 5 

2, Southeast of Northrop Plant 12 
7, Southeast of Northrop Plant 2 

Original Northrop IRM " 
Minimum 

IRM Discharge 

(gpm) 

500 
1,215 

0 
2,231 

Maximum 

Rate IRM Discharge Rate 

(gpm) 

2,300 
1,215 

0 
2,231 

Current Northrop IRM 

Discharge Rate 

(gpm) 

0<*' 
1,215 

0 
7,731 

Notes: 

(1) 

(2) 

(3) 

(4) 

The Northrop IRM pumpage and discharge rates were reported in the G&M correspondence to NYDEC dated March 5,1997. 

The pumping and discharge rates associated with the current Northrop IRM were applied in the simulahons conducted 

by OxyChem. 

The discharge was applied in refined model layer 1. 

The Plant 3 discharge was assumed to result from the pumping at GP-11, GP-13, and GP-16. Without these wells pumping 
in the current Northrop IRM, the Plant 3 discharge was assumed to be zero. 

I 
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TABLE A.3.2 

ALTERNATIVE 2: NO FURTHER ACTION (WITH THE NORTHROP IRM) 
PUMPAGE AND DISCHARGE RATES IN THE REFINED MODEL 

OU-3 FEASIBILITY STUDY 
HOOKER/RUCO SITE, HICKSVILLE, NEW YORK 

I 
4 

Pumpage 

Production/ 
Extraction 

Well 

GP-1 

ONCT-ID 
ONCT-2D 
ONCT-3D 

Current Northrop IRM 
Pumping Rate 

(gpm) 

1,075 

.1,000 
600 
700 

Refined Model Layer 
Where Pumping 

was Simulated ' 

l O & l l 

l O & l l . 
l O & l l 
l O & l l 

Discharge (1) 

Discharge 
Basin 

Plant 5 Basins 
Southern Basins 

Number of Refined Model Cells 
and Location Where Discharge 

was Simulated w 

39, South of Northrop Plant 5 
60, Southeast of Northrop Plant 2 

Current Northrop IRM 
Discharge Rate 

(gpm) 

1,215 
2,231 

Notes: 

(1) The current Northrop IRM pumpage and recharge rates are presented in Table A.3.1. 
(2) The extraction well pumpage was divided equally between the two refined 

model layers indicated. 
(3) The recharge was applied in the refined model layer 1. 

CRA 6883 (18) 
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i TABLE A.3.3 

ALTERNATIVE 3A: MW-52 AREA SYSTEM TO ACHIEVE MASS REDUCTION 

PUMPAGE AND DISCHARGE RATES IN THE REFINED MODEL 
OU-3 FEASIBILITY STUDY 

HOOKER/RUCO SITE, HICKSVILLE, NEW YORK 

Pumpage 

Production/ 
Extraction 

Well 

VCM Subplume Containment System 

SPPW-1 
SPPW-2 
SPPW-3 

Pumping Rate 

(gpm) 

500 
50 
50 

Refined Model Layer 
Wh 

was 

ere Pumping 

Simulated 

4 & 5 
6 & 7 

6 & 7 

Nothrop IRM 

GP-1 

ONCT-ID 
ONCT-2D 
ONCT-3D 

(2) 

1,075 

100 
600 
700 

l O & l l 

l O & l l 
l O & l l 
l O & l l 

Discharge 

Discharge 

Basin 

Number of Refined Model Cells 

and Location Where Discharge 

was Simulated 

Discharge Rate 

(gpm) 

VCM Subplume Containment System 

Sump 1 
Sump 2 

New Sump 

2, Southeast comer of Hooker/Ruco Site 
3, Southeast comer of Hooker/Ruco Site 
9, Northwest comer of Hooker/Ruco Site 

50 
50 
500 

Nothrop IRM 
(2) 

Plant 5 Basins 
Southern Basins 

39, South of Northrop Plant 5 
60, Southeast of Northrop Plant 2 

1,215 
2,231 

Notes: 

(1) The extraction well pumpage was divided equally between the two refined 
model layers indicated. 

(2) The current Northrop IRM pumpage and recharge rates are presented in Table A.3.1. 
(3) The recharge was applied in the refined model layer 1. 

I 
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TABLE A.3.4 

ALTERNATIVE 3B: VCM SUBPLUME CONTAINMENT SYSTEM TO REACH VCM MCLs 
PUMPAGE AND DISCHARGE RATES IN THE REFINED MODEL 

OU-3 FEASIBILITY STUDY 
HOOKER/RUCO SITE, HICKSVILLE, NEW YORK 

Pumpage 

Production/ 

Extraction 

Well 

VCM Subplume. Containment System 

SPPW-1 
SPPW-2 
SPPW-3 

Pumping Rate 

(gpm) 

500 
250 
250 

Refined Model Layer 

Where Pumping 
was Simulated 

4 & 5 
6 & 7 
6 & 7 

I 
4 

Nothrop IRM 

GP-1 

ONCT-ID 
ONCT-2D 
ONCT-3D 

(2) 

1,075 

1,000 
600 
700 

l O & l l 

l O & l l 
l O & l l 
l O & l l 

Discharge 

Discharge 

Basin 

VCM Subplume Containment System 

Number of Refined Model Cells 

and Location Where Discharge 

was Simulated 

Sump 1 
Sump 2 

New Sump 

Nothrop IRM 
(2) 

Plant 5 Basins 
Southern Basins 

2, Southeast comer of Hooker/Ruco Site 
3, Southeast comer of Hooker/Ruco Site 
9, Northwest comer of Hooker/Ruco Site 

39, South of Northrop Plant 5 
60, Southeast of Northrop Plant 2 

Notes: 

(1) The extraction well pumpage was divided equally between the two refined 
model layers indicated. 

(2) The current Northrop IRM pumpage and recharge rates are presented in Table A.3.1. 
(3) The recharge was applied in the refined model layer 1. 

Discharge Rate 

(gpm) 

50 
50 
900 

1,215 
2,231 

CRA 6883 (18) 
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I 
i TABLE B.l 

ALTERNATIVE 3A 

OU-3 REMEDY COST ESTIMATES 

HICKSVILLE, NEW YORK 

Page 1 of 2 

CAPITAL COSTS 

• Well Installation 
Large Pumping Well 
Two smaller pumping wells 
2 monitoring well nests 

• Well Pumps 
Large Well 
Two smaller well(s) 

• Forcemain 
Wells to Treatment Building 
Treatment Building to 
Recharge Basin 

• Recharge Basin 
Investigations and Evaluations 
Construction (soil disposed off-site as clean fill) 

• Land Purchase/Access Payments 
Wells/Forcemain 

• VCM Treatment System 
i) Equipment 

- Pumps 
- Tanks 
- Air Stripper 
- Catalytic Oxidizer 
- Filters 
- Taxes 

ii) Materials and Installation 
- Site Improvements 
- Concrete Structures 
- Equipment Super Structure 
- Building Super Structure 
- Piping, Millwrighting 
- Instrumentation 
- Electrical 
- Insulation 
- Painting 
- Rigging 

Sub-total 

$ 150,000 
$ 200,000 
$ 160,000 

25,000 
10,000 

275,000 
105,000 

5,000 
300,000 

50,000 

$ 
$ 
$ 
$ 
$ 
$ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

$~ 

12,000 

75,000 

120,000 

250,000 

20,000 

24,000 

20,000 

120,000 

50,000 

60,000 

180,000 

90,000 

110,000 

37,000 

25,000 

44,000 

2,517,000 

i 
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TABLE B.l 

ALTERNATIVE 3A 

OU-3 REMEDY COST ESTIMATES 

HICKSVILLE, NEW YORK 

Page 2 of 2 I 
4 

CAPITAL COSTS 

Engineering and Procurement 
Field Construction Expense 

Subtotal 

Contingency (20%) 

TOTAL CAPITAL 

ANNUAL OPERATION AND MAINTENANCE 

• VCM Treatment System 

• VCM Monitoring 
Sentinel Wells 
(12 wells - semi-annually) 
Treatment System 
(monthly) 

• Reporting 
(Monthly) 

• Labor 
(1 person full time) 

• Equipment Replacement 
(5% of Capital Sub-total) 

Sub-total 

Contingency (20%) 

TOTAL ANNUAL O&M 

PRESENT WORTH 

(5 years, 5% discount factor) 

$ 252,000 

$ 126,000 

$ 2,895,000 

$ 579,000 

$ 3,474,000 

Low Cone. High Cone. 

$ 260,000 $ 300,000 

$ 28,000 $ 28,000 

$ 19,000 $ 19,000 

$ 34,000 $ 34,000 

$ 65,000 $ 65,000 

$ 130,000 $ 130,000 

$ 536,000 $ 576,000 

$ 107,000 $ 115,000 

$ 643,000 $ 691,000 

$ 6,258,000 $ 6,465,000 

I 
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TABLE B.2 

ALTERNATIVE 3B 

OU-3 REMEDY COST ESTIMATES 

HICKSVILLE, NEW YORK 

Page 1 of 2 

CAPITAL COSTS 

• Well Installation 
Large Pumping Well 
Two smaller pumping wells 
2 monitoring well nests 

• Well Pumps 
Large Well 
Two smaller well(s) 

• Forcemain 
Wells to Treatment Building 
Treatment Building to 
Recharge Basin 

• Recharge Basin 
Investigations and Evaluations 
Construction (soil disposed off-site as clean fill) 

• Land Purchase/Access Payments 
Wells/Forcemain 

• VCM Treatment System 
i) Equipment 

- Pumps 
- Tanks 
- Air Stripper 
- Catalytic Oxidizer 
- Filters 
- Taxes 

ii) Materials and Installation 
- Site Improvements 
- Concrete Structures 
- Equipment Super Structure 
- Building Super Structure 
- Piping, Millwrighting 
- Instrumentation 
- Electrical 
- Insulation 
- Painting 

- Rigging 

Sub-total 

$ 
$ 
$ 

$ 
$ 

$ 
$ 

$ 
$ 

$ 

$ 
$ 
$ 
$ 
$ 
$ 

$ 
$ 
$ 
$ 
$ 
$ 
$, 
$ 
$. 
$ 

$~ 

150,000 

250,000 

160,000 

25,000 

25,000 

325,000 

120,000 

5,000 

50,000 

300,000 

20,000 
100,000 

160,000 

375,000 

30,000 

40,000 

24,000 

140,000 

65,000 

70,000 

225,000 

110,000 

140,000 

46,000 

31,000 

54,000 

3,040,000 

i 
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TABLE B.2 

ALTERNATIVE 3B 

OU-3 REMEDY COST ESTIMATES 

HICKSVILLE, NEW YORK 

Page 2 of 2 I 
4 

CAPITAL COSTS 

Engineering and Procurement 
Field Construction Expense 

Subtotal 

Contingency (20%) 

TOTAL CAPITAL 

ANNUAL OPERATION AND MAINTENANCE 

• VCM Treatment System 

• VCM Monitoring 
Sentinel Wells 
(10 wells - semi-annually) 
Treatment System 
(monthly) 

• Reporting 
(Monthly) 

• Labor 
(1 person full time) 

• Equipment Replacement 
(5% of Capital Sub-total) 

Sub-total 

Contingency (20%) 

TOTAL ANNUAL O&M 

PRESENT WORTH 

(30 years, 5% discount factor) 

$ 304,000 
$ 152,000 

$ 3,496,000 

$ 699,000 

$ 4,195,000 

Low Cone. High Cone. 

$ 260,000 $ 300,000 

$ 28,000 $ •' 28,000 

$ 19,000 $ 19,000 

$ 34,000 $ 34,000 

$ 65,000 $ 65,000 

$ 160,000 $ 160,000 

$ 566,000 $ 606,000 

$ 113,000 $ 121,000 

$ 679,000 $ 727,000 

$ 14,633,000 $ 15,370,000 

i 
400243 
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TABLE B.3 

ALTERNATIVES 4A, 4B AND 4C 
OU-3 REMEDY COST ESTIMATES 

HICKSVILLE, NEW YORK 

4A 4B 

CAPITAL COSTS 

1 Well Installations 
A Injection 
B Morutoring 

2 Forcemain 
A Header Piping 
B Dowm Well Piping 

3 Land Purchase $150,000 $150,000 

4 0 

$337,500 
$90,000 

$0 
$12,000 

$337,500 
$90,000 

$0 
$12,000 

$270,000 
$90,000 

$190,000 
$0 

$150,000 

Materials and Installation 
A 
B 
C 
D 

Site Improvements 
Equipment 
Mechaiucal 
Electirical 

Subtotal 

Engineering (10%) 
Field Construction (5%) 

Subtotal 

Contingency (20%) 

TOTAL CAPITAL 

$45,000 
$275,000 
$225,000 

$0 

$1,134,500 

$113,450 
$56,725 

$1,304,675 

$260,935 

$1,565,610 

$45,000 
$275,000 
$225,000 

$0 

$1,134,500 

$113,450 
$56,725 

$1,304,675 

$260,935 

$1,565,610 

$17,000 
$135,000 

$25,000 
$36,000 

$913,000 

$91,300 
$45,650 

$1,049,950 

$209,990 

$1,259,940 

Page 1 of 2 
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TABLE B.3 

ALTERNATIVES 4A, 4B AND 4C 
OU-3 REMEDY COST ESTIMATES 

HICKSVILLE, NEW YORK 

Page 2 of 2 

I 
4 

ANNUAL O & M 

5 VCM Treatment System Additives 

6 VCM Monitoring 

7 Utilities 
A Electric 
B Water 

8 Reporting 

9 Labor (full time) 

10 Equipment Replacement (5%) 

Subtotal 

Contingency (20%) 

TOTAL ANNUAL COSTS 

Source Treatment O & M Pres Worth 

3 Year Treatment 
5 Year Treatinent 

10 Year Treatment 

$25,500 

$28,000 

$0 
$5,000 

$34,000 

$65,000 

$56,725 

$214,225 

$42,845 

$257,070 

$58,500 

$28,000 

$0 
$5,000 

$34,000 

$65,000 

$56,725 

$247,225 

$49,445 

$296,670 

$0 

$28,000 

$93,000 
$0 

$34,000 

$65,000 

$45,650 

$265,650 

$53,130 

$318,780 

$1,985,026 

Final Enhanced Bioremediation O & M Pres Worth 
Years 3-5 $412,913 
Years 5-7 . . $374,524 

Enhanced Bioremediation -10 years 

Chemical Oxidation 5 Years, ENA 2 Years 

Biosparging 3 Years, ENA 2 Years 

$1,284,426 

$3,550,636 

$3,224,560 

$2,540,970 

$868,117 

CRA 6883 (18) 
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TABLE C.l 

ESTIMATE OF GROUNDWATER FLOW FROM THE HOOKER/RUCO SITE 

Model 
Layer 

1 

.2 

3 

4 

5 

6 

7 

8 

Depth 
(ft bgs) 

0 to90 

90 to 105 

105 to 180 

180 to 270 

270 to 365 

365 to 495 

495 to 610 

610 to 680 

Total 

Saturated 

Thickness 
(ft) (D) 

40(1) 

15 

75 

90 

95 

130 

115 

70 

Hydraulic 

Conductivity (K) 
(ft/day) (8) 

200 

200 

120 

30 

30 

30 

30 

60 

Gradient (i) 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

I 

230 

230 

230 

230 

230 

230 

230 

230 

Width of Cross-Section (L) 

(ft) (2) 
2 

180 

180 

180 

180 

180 

180 

180 

180 

3 

190 

190 

190 

190 

190 

190 

190 

190 

4 

260 

260 

260 

260 

260 

260 

260 

260 

Floiv Zone 1 

3,680 

1,380 

4,140 

1,242 

1,311 

1,794 

1,587 

1,932 

Groundwater flow (Q=KiLD) 

(ft'(day) 
Flow Zone 2 

2,880 

1,080 

3,240 

972 

1,026 

1,404 

1,242 

,1,512 

Flow Zone 3 

3,040 

1,140 

3,420 

1,026 

1,083 

1,482 

1,311 

1,596 

Flow Zone 4 

4,160 

1,560 

4,680 

1,404 

1,482 

2,028 

1,794 

2,184 

Notes: 

NS - Not sampled 
(1) Assuming depth to groundwater = 50 ft bgs. 
(2) Flow Zones shown on attached Figure 5.10. 
(3) Assumed. 
(4) From 1999 OU-3 RI, Appendix H. 

O 
O 
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o TABLE C.2 

ESTIMTE OF PCE GROUNDWATER CHEMICAL LOADING 
LEAVING THE HOOKER/RUCO SITE 

Model 
Layer 

1 

2 

3 

4 

5 

6 

7 

8 

Total PI 

Notes: 

Flow Zone 1 

3,680 

1,380 

4,140 

1,242 

1,311 

1,794 

1,587 

1,932 

.E Plus = 

Groundwater Flow (Q=KiLD) 
(ft'/day) 

Flow Zone 2 Flow Zone 3 

2,880 

1,080 

3,240 

972 

1,026 

1,404 

1,242 

1,512 

0.0379 

3,040 

1,140 

3,420 

1,026 

1,083 

1,482 

1,311 

1,596 

Flow Zone 4 

4,160 

1,560 

4,680 

1,404 

1,482 

2,028 

1,794 

2,184 

PCE Groundwter Concentration " ' 

(HX/L) 
Flow Zone 

1 

2 

0(3) 

0(3) 

0(3) 

0(3) 

0(3) 

0(3) 

0(3) 

Flow Zone 
2 

8 

0(3) 

5(3) 

0(3) 

0(3) 

0(3) 

0(3) 

0(3) 

Flow Zone 
3 

85 

42 W 

0 

0(3) 

0(3) 

0(3) 

0(3) 

0(3) 

Flow Zone 
4 

0 

0 

0 

110 

67 

0 

0 

0(3) 

Total 

Flow Zone 
1 

0.0005 

0 

0 

0 

0 

0 

0 

0 

0.0005 

PCE Chemical Flux" ' 
(lbs/day) 

Flow Zone 
2 

0.0014 

0 

0.0010 

0 

0 

0 

0 

0 

0.0024 

Flow Zone 
3 

0.0161 

0.0030 

0 

0 

0 

0 

0 

0 

0.0191 

Flow Zone 
4 

0 

0 

0 

0.0096 

0.0062 

0 

0 

0 

0.0158 

(1) Based on most recent results shown on Figures 5.10 and 5.13 of Draft OU-3 RI Report (Revised November 1999), 
ND results assigned value of 0. 

'" -=<<£^] 
(3) Assigned value of 0 based on ND or low level concentration in overlying layer. 
(4) Assumed to be average of the overlying and underlying Model Layer concentrations. 

X 6 2 , 4 ^ X C X I Q - ' = l b s / d a y . 

CRA 6883 (IS) 



TABLE C.3 

ESTIMTE OF TCE GROUNDWATER CHEMICAL LOADING 

LEAVING THE HOOKER/RUCO SITE 

Model 
Layer 

Groundwater Flow (Q=KiLD) 

(ft'/day) 
TCE Groundwter Concentration ''* 

(ug/L) 

TCE Chemical Flux '̂ ' 
(Ihs/day) 

1 

2 

3 

4 

5 

6 

7 

8 

3,680 

1,380 

4,140 

1,242 

1,311 

1,794 

1,587 

1,932 

w Zone 2 

2,880 

1,080 

3,240 

972 

1,026 

1,404 

1,242 

1,512 

Flow Zone 3 

3,040 

1,140 

3,420 

1,026 

1,083 

1,482 

1,311 

1,596 

4,160 

1,560 

4,680 

1,404 

1,482 

2,028 

1,794 

2,184 

1 

0 

n(3) 

0 (3) 

(3) 0 

0(3) 

0(3) 

0(3) 

0(3) 

2 

0 

5< '̂ 

9 

0(3) 

0(3) 

0(3) 

0(3) 

0(3) 

3 

1 

3(4) 

5 

0(3) 

0(3) 

0 (3) 

l ( 3 ) 

l ( 3 ) 

Flow Zone 
4 

0 

0 

0 

450 

110 

0 

0 

0(3) 

Total 

Flow Zone 
1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Flow Zone 
2 

0 

0.0003 

0.0018 

, 0 

0 

0 

0 

0 

0.0022 

Flow Zone 
3 

0.0002 

0.0002 

0.0011 

0 

0 

0 

0 

0 

0.0015 

'Flow Zone 
4 

0 

0 

0 

0.0394 

0.0102 

0 

0 

0 

0.0496 

Total PLE Plus 
Notes: 

0.0532 

O 
O 

m 

(1) Based on most recent results shown on Figures 5.10 and 5.11 of Draft OU-3 RI Report (Revised November 1999), 
ND results assigned value of 0. 

^̂ ^ ]VIF=Qf ^ ^ l x 6 2 . 4 ^ x C x l O - ^ = l b s / d a y . 
^ d a y j ft 

(3) Assigned value of 0 based on ND or low level concentration in overlying layer. 
(4) Assumed to be one half the overlying and underlying model layer concentrations. 
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TABLE C.4 

ESTIMTE OF VCM GROUNDWATER CHEMICAL LOADING 
LEAVING THE HOOKER/RUCO SITE 

Model 
Layer 

Groundwater Flow (Q=KiLD) 
(ft'/day) 

VCM Groundwter Concentration '^' 

(PSM 
VCM Chemical Flux '^' 

(lbs/day) 

1 

2 

3 

4 

5 

6 

7 

8 

3,680 

1,380 

4,140 

1,242 

1,311 

1,794 

1,587 

1,932 

w Zone 2 

2,880 

1,080 

3,240 

972 

1,026 

1,404 

1,242 

1,512 

Flow Zone 3 

3,040 

1,140 

3,420 

1,026 

1,083 

1,482 

1,311 

1,596 

Flow Zone 4 Flow Zone Flow Zone Flow Zone Flow Zone Flow Zone Flow Zone Flow Zone Flow Zone 

Total PLE Plus 
Notes: 

0.1558 

4,160 

1,560 

4,680 

1,404 

1,482 

2,028 

1,794 

2,184 

1 

0 

0(3) 

0(3) 

0(3) 

0(3) 

0(3) 

0(3) 

0(3) 

2 

0 

0 

0(3) 

0(3) 

0(3) 

0(3) 

0(3) 

0(3) 

3 

560 

303 <"' 

45 

0(3) 

0(3) 

0(3) 

0(3) 

0 (3) 

4 

0 

0 

0 

210 

0 

0 

0 

0(3) 

Total 

(1) • Based on most recent results shown on Figures 5.10 and 5.15 of Draft OU-3 RI Report (Revised November 1999), 
ND results assigned value of 0. 

(2) M F 
^ d a y ^ 

X 6 2 . 4 ^ X C X 1 0 - ' = l b s / d a y . 

(3) Assigned value of 0 based on ND or low level concentration in overlying layer. 
(4) Assumed to be average of the overlying and underlying Model Layer concentrations. 

2 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0.1062 

0.0216 

0.0096 

0 

0 

0 

0 

0 

0.1374 

4 

0 

0 

0 

0.0184 

0 

0 

0 

0 

0.0184 

CRA 6883 (18) 



TABLE C.5 

ESTIMTE OF SVOC TICs GROUNDWATER CHEMICAL LOADING 

LEAVING THE HOOKER/RUCO SITE 

Model 
Layer 

1 

2 

3 

4 

5 

6 

7 

8 

3,680 

1,380 

4,140 

1,242 

1,311 

1,794 

1,587 

1,932 

Total PLE Plus = 

Notes: 

Groundwater Flow (Q=KiLD) 
(ft'/day) 

ow Zone 2 Flow Zone 3 

2,880 

1,080 

3,240 

972 

1,026 

1,404 

1,242 

1,512 

3,040 

1,140 

3,420 

1,026 

1,083 

1,482 

1,311 

1,596 

0.3010 

4,160 

1,560 

4,680 

1,404 

1,482 

2,028 

1,794 

2,184 

SVOC TIC Groundwter Concentration "' 

(ugA^) 
w Zone Flow Zone tic 

1 2 

0(5) 

0(5) 

0(5) 

0(5) 

SVOC TIC Chemical Flux 
(Ib^day) 

(2) 

0 (5) 

, (5) 

l ( 5 ) 

l ( 5 ) 

0(5) 

0(5) 

0(5) 

0(5) 

0(5) 

0 (5) 

, (5) 

wZone 
3 

29 

18<*> 

7 

0(3) 

0(3) 

0(3) 

0(3) 

0(3) 

Flow Zone 
4 

391 

403 « 

414 

215'*' • 

16 

85 

0(6) 

o"> 

Total 

Flow Zone 
1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Flow Zone 
2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Flow Zone 
3 

0.0055 

0.0013 

0.0015 

0 

0 

0 

0 

0 

0.0083 

Flow Zone 
4 

0.1015 

0.0392 

0.1209 

0.0188 

0.0015 

0.0108 

0 

0 

0.2927 

o 
o 
to 
U1 
CO 

(1) Based on most recent results shown on Figure 5.19 of Draft OU-3 RI Report (Revised November 1999), 
ND results assigned value of 0. ' 

^̂ ^ M F = Q | ^ ^ 1 x 6 2 . 4 i ^ x C x l O - ' = l b s / d a y . 

(3) Assigned value of 0 based on ND or low level concentration in overlying layer. 
(4) Assumed to be average of the overlying and underlying Model Layer concentrations. 
(5) Assumed to be 0 because Flow Zones 1 and 2 are cross-gradient to areas where TICs were discharged on-Site. 
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Abstract 

Few proven technologies exist that may be used to treat dense non-aqueous phase liquid 
(DNAPL) contaminants. In-situ chemical flushing is a proposed technology which consists of 
flushing DNAPL source zones with a reactive solution to degrade the contaminant mass below 
ground. 

A laboratory and controlled field experimental program was conducted to assess the potential 
of potassium permanganate (KMn04) as a reagent for in-situ DNAPL remediation. The results of 
laboratory experiments indicated that two common DNAPL contaminants, perchloroethylene 
(PCE) and trichloroethylene (TCE), were rapidly degraded to chloride and carbon dioxide. 
Column experiments, using residual PCE flushed with oxidant concentrations as high as 10 g L~ ' , 
indicated that chloride could be used as a reaction tracer. From the chloride data, it appeared that 
the rate of PCE removal from the columns was a complex process dependent upon the kinetics of 
both dissolution and oxidation. 

Two experimental applications of in-situ oxidation were conducted in the Borden aquifer 
isolated within a 7.5 m-' double sheet-pile cell. The cell was fitted with injection and recovery 
wells through which aqueous solutions of KMn04 were flushed to oxidize solvent source zones in 
situ. In the initial experiment, flushing of a 1 L PCE residual source with 10 g L~ ' KMn04 at 
total flow rates of up to 1(0 L per day, completely removed the source within 120 days. A second 
experiment, using an 8 L mixture of PCE and ICE slowly allowed to infiltrate into the cell, was 

' Corresponding author. 

0169-7722/98/$19.00 © 1998 Elsevier Science B.V. All rights reserved. 
f//^SOI69-7722(97)00012-0 
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conducted using a system to recycle the oxidant. The oxidant was added at 10 g L~ ' with a flow 
of approximately 50 L per day. After 290 days of flushing, it was concluded from the monitoring 
data that 62% of the initial source (as equivalent chloride mass) had been oxidized and it was 
evident that oxidation was continuing in the upper third of the cell. 

These experiments have suggested that the effectiveness of in-situ chemical oxidation will 
depend primarily upon the distribution of the DNAPL in the subsurface and its effects upon 
dissolution. In both experiments, spatial variability of chloride measurements appeared to reflect 
both the DNAPL location and distribution. © 1998 Elsevier Science B.V. 

Keywords: Potassium permanganate; Porous media; DNAPL contamirunts 

1. Introduction 

Trichloroethylene (TCE) and perchloroethylene (PCE) are two chlorinated organic 
solvents frequently identified as ground water aquifer contaminants (Westrick et al., 
1984; Smith, 1990; Plumb, 1991). The US Environmental Protection Agency drinking 
water standards for each of these compounds is 5 p,g L" ' compared with their 
solubilities of approximately 1,5(X) mg L" ' and 240 mg L~', respectively (Pankow and 
Cherry, 1996). With five to six orders of magnitude difference between solubility and 
regulated concentration, the presence of dense non-aqueous phase liquids (DNAPLs), 
especially in the form of pools in the subsurface, will remain as a very long-term source 
of contamination until either source containment, isolation or removal has occurred 
(Mackay and Cherry, 1989; Johnson and Pankow, 1992). 

Frequently at sites where DNAPLs are present, pump and treat remediation is 
selected as a remedial alternative; however, pump and treat approaches to aquifer 
restoration have demonstrated a distinct lack of success even at sites without DNAPLs 
(National Research Council, 1994). At sites where DNAPL is present, this approach is 
primarily limited by low contaminant solubility, contaminant mass storage in low 
permeability zones, and the relatively large masses of the DNAPL present in the aquifer 
(Doty and Travis, 1991). The lack of success of pump and treat at these sites has added 
emphasis to remedial efforts designed to isolate, remove or treat DNAPL sources with 
the potential benefits of reducing the duration of a subsequent pump and treat contain­
ment process and reducing downgradient aqueous phase concentrations. 

One example of a mass treatment technology is in-situ oxidation, an approach which 
consists of flushing a zone of DNAPL contamination with a reactive solution. This 
technology is conceptually appealing since it combines hydraulic containment of a 
source zone with contaminant treatment below ground. Various reactive compounds 
have been suggested including hydrogen peroxide, Fenton's reagent, ozone and potas­
sium permanganate (Cho and Bowers, 1991). To date, documented use of this technol­
ogy is limited to a single industrial application in which hydrogen peroxide was used to 
remove an LNAPL release containing 50% formaldehyde with some success (Cowie and 
Weider, 1986). To our knowledge, the results presented in this paper are the first 
evaluation of potassium permanganate (KMn04) as an in-situ reagent and the first 
evaluation of in-situ chemical flushing of DNAPL contaminants. 
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2. Permanganate ion as an oxidant 

The use of the permanganate ion (MnO^) to indiscriminately scavenge and oxidize 
organic contaminants has a long history in both drinking water and wastewater treatment 
(Steel and McGhee, 1979; Eilbeck and Mattock, 1987), including removal of iron and 
manganese (Benefield et al., 1982), phenols (Vella et al., 1990), trihalomethane precur­
sors (Colthurst and Singer, 1982) and more recently, TCE (Vella and Veronda, 1992). 
The reactive properties of Mn04" with both organic and inorganic compounds have been 
described in detail by Stewart (1965) and Lee (1980). Permanganate oxidation of 
organic compoimds is used in the commercial production of various compounds with its 
most serious limitation being its lack of solubility in most hydrocarbons (Lee, 1980) 
including PCE and TCE. For example, Mn04" oxidation of alkenes is used in the 
synthesis of the corresponding glycols. In addition to its characteristics as an oxidant, 
potassium permanganate has a high aqueous solubility (64 g L" ' at 20°C (Perry et al., 
1984)), a property which would allow for a significant loading rate of oxidant into a 
contaminated zone. As a solid, KMn04 is easily handled and currently costs approxi­
mately CDN$4 per kg. 

3. Oxidation meclianism 

There are few references dealing directly with the oxidation of specific chlorinated 
organic compounds by KMn04. In general, the existing research has focused on 
synthesis, rather than destruction, of commercially useful oxidation products from 
alkenes. Lee (1980) has identified two potential reaction mechanisms for alkene 
oxidation. Both mechanisms begin with the formation of a hypomanganate diester with 
subsequent steps generally dependent upon pH and the MnO^ concentration. Oxidation 
of alkenes is generally performed in an aqueous solution due to the fact that KMn04 is 
insoluble in most hydrocarbons without the use of a phase transfer catalyst (Lee, 1980). 

4. Oxidation stoichiometry 

Based on laboratory observations and the redox reactions for each compound, overall 
reactions between KMn04 and TCE and PCE were determined. Laboratory observations 
leading to these equations include the formation of a brown precipitate, determined to be 
Mn02(s), and the evolution of a gas, later confirmed as being COj. 

Recognizing that MnO^ was reduced to Mn02(s) and assuming that the carbon in 
TCE and PCE was completely oxidized to CO2, the following half cell reactions apply: 

Mn04" + 4H+-1- 3 e - - • Mn02(s) -I- 2H2O 

1 ^ 1 
-C2CI4 -I- 2H2O -* CO2 + 4H^-i- -CI2 + C r + 3e-

which produce 

C2CI4 + 2Mn04- - • 2CO2 + 2Mn02(s) -K CI2 + 2 C r (1) 

400258 
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In a similar fashion, the reaction for TCE is: 

C2CI3H -1- 2Mn04- -» 2CO2 + 2Mn02(s) -f̂  3Cr -I- H+ (2) 

Stoichiometrically, 0.81 kg of CI" are produced per kg of TCE oxidized (Eq. (2)). A 
similar situation exists for PCE except that Eq. (1) suggests the formation of Clj- Based 
on thermodynamic considerations, it was assumed that the Clj is an intermediate and 
that CI" would be the sole chlorine species present Therefore, oxidation of 1 kg of PCE 
should produce 0.86 g Cl~. 

5. Column experimentation: quantifying oxidation witli chloride ion 

5.1. Experimental outline 

Eq. (1) and (2) suggest several possibilities for monitoring the progression of in situ 
oxidation applications. Some prehminary column experiments indicated that CO2 in the 
gas and aqueous phases could be used as a reaction tracer during TCE oxidation but that 
this would be impractical in natural porous media containing carbonate minerals and 
natural organic matter. During these experiments significant gas production was ob­
served; in one experiment, the extremely vigourous gas production actually disrupted the 
soil within the column. It was anticipated that measuring the variation in CI" in the 
effluent during oxidation would provide both a measure of the mass of TCE or PCE 
oxidized as well an indication of the relative rates of mass removal. 

Chloride analyses were performed using an ORION ion selective electrode with a 
portable meter (ORION Model 720A). Measurements of KMn04 concentrations were 
performed either by titration with thiosulphate or spectrophotometrically (Spectronic 
20D). Analysis of TCE and PCE was performed with a Shimadzu GC-9A gas chromato-

I 

4 

glass cap 
clamping ring 

DNAPL zone 

Influent 
reservoir 

glass column 
5.2 cm ID 

pump 

Fig. 1. Column apparatus; source consists of homogeneous PCE residua] (1640 mg). 
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Table 1 
Darcy flux and oxidant concentration for experimental columns 

COL I COL 2 COL 3 COL 4 COLS 

Daicy flux (cm per day) 
K M n 0 4 ( g L - ' ) 
Oxidant loading (g cm" ^ per day) 
Total mass removed ® 650 h (%) 
% Mass removed as chloride 

42 
10 
0.42 

121 
92 

42 
IS 
0.32 

103 
91 

, 63 

to 
0.63 

122 
96 

68 
7.5 
0.51 

119 
93 

61 
0 
0 
92 
0 

Note: The cross-sectional area of each column was 20.3 cm^; porosity 0.41. 

graph with a flame ionization detector and purge and trap unit op>erated according to 
EPA Method 601. During these experiments, the detection limits for PCE and TCE 
analyses were 10 (ig L" ' . 

To investigate the effects of oxidant concentration and flushing rates upon mass 
removal, five column experiments were performed using glass columns packed with fine 
grained sand samples (foe = 0.02%) from the Canadian Forces Base (CFB) Borden 
aquifer. In each of the column experiments, the sand was initially samrated with water 
and 1.0 mL of PCE added as a residual source (volumetric saturation ~ 1%) in the sand. 
Fig. 1 is a schematic diagram of the experimental apparatus. The colunms were 
subsequently flushed with KMn04 solutions at the concentrations and average Darcy 
fluxes specified in Table 1. Actual flow rates into the columns were variable and were 
assumed to have produced the principal source of error. One colimin (COL 5) was 
flushed only with deionized water to evaluate mass removal by dissolution alone. After 
the oxidant flush, the columns were flushed with deionized water at the same flow rates. 

OXDANTR.USH WATER aUSH 

- ^ PCE COL 5 
- ^ P C E 

-*-ct-
- * - K M n 0 4 

• • I • • • l « i • 

10.0 

9.0 

B.0 

7.0 

6.0 

S.O 

4.0 

3.0 

2.0 

1.0 

0.0 

ISO 200 250 

T l f iM ( t i o u r t ) 

300 3S0 400 

Fig. 2. Column effluent profiles for CI", PCE, input KMn04 and effluent KMn04. Also shown are effluent 
PCE concentrations for COL 5, which was flushed only with deionized water to compare mass removal by 
dissolution alone. 
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Control experiments confirmed that oxidation of the PCE was the only soiuce of Cl~ 
from the columns. 

Fig. 2 provides combined C r , KMn04 and PCE effluent data for the experiment 
(COL 3) flushed at the highest oxidant loading and is qualitatively similar to results 
observed in the other colimms. This column was flushed with an aqueous solution of 10 

(a) 

450 -

400 ' 

E 

• 2 5 0 -

i 
< 200 ' 

S ,50 
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100 • 

so • 

0 -

1 
• f , 

OXIDAKT FLUSH 

•I ' 1 ' 1 

\ \ 

A. 

WATER FLUSH 

- ^ C O L 1 -42cmWay lOfl/L 

- ^ C O L 2 - 4 2 o r n W » y 7.5Qfl-

- » - C 0 L 3 - 6 3 c n M I « y lOgA. 

- » - C O L 4 - 6 8 c i n « a y T J B S . 

V 

v^^^T '^^N^ 

^ 
^ 

so 100 ISO 200 250 

Time (houra) 
300 350 400 

(b) OXIDANT FLUSH WATER FLUSH 

100.00 

0.01 

-«-COL 1-42on/day lOflrt. 
-•-COL2-42cm/<)«y 7.5o/l 
-*-C0L3-63cm/d*y lOpn. 
- ^ COL 4-68 cm/day 7.5 B/l 
-*-C0L5-59em/ilay OgH 

— I — 

100 200 50O 600 700 300 400 

Time (hours) 

Fig. 3. (a) Effluent chloride concentrations (COL 1-4) and (b) effluent P C E concentrations (COL 1-5). 
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g L~' KMn04 for a period of 214 h and then deionized water for the remainder of the 
experiment 

In COL 3, PCE in the effluent was initially high ( ~ 5 0 mg L~') . As the oxidant 
reached the source zone, Cl~ increased rapidly ftom non-detectable levels to a peak of 
380 mg L~' . When oxidant appeared in the effluent, the PCE concentrations dropped 
below I mg L" ' . The concentration of chloride began to decrease after 70 h of flushing 
and was less than 1 mg L~' after 180 h of flushing. This decline in CI" was 
accompanied by a gradual increase of KMn04 in the effluent to above 9 g L~' after 200 
h (influent concentration of 10 g L" ' ) . The rate of PCE removal had reduced 
significandy after approximately 170 h. 

In COL 5, the PCE concentration in the effluent fitjm the column reached ah iniual 
peak of approximately 100 mg L " ' , and then declined slowly to a concentration of 
approximately 6 mg L~' after 650 h. The dissolution profile from COL 5 is representa­
tive of rate limited dissolution for this particular experimental setting. 

Effluent CI" and PCE effluent concentrations for each of the columns are shown in 
Fig. 3(a) and (b). All of the columns flushed with oxidant initially produced no effluent 
CI". Chloride concentrations then rapidly rose to a peak and then slowly declined to 
non-detectable levels. The two columns flushed at 10 g L~' KMn04 producing larger 
chloride peaks. The initial delay in the appearance of CI" and KMn04 in the column 
effluents was attributed to displacement of the initial pore volume of deionized water 
and consumption of the KMn04 through oxidation of organic matter in the sand. In 
contrast, PCE concentrations in the columns flushed with oxidant were initially high 
(~ 100 mg L" ' ) and then dropped below 1 mg L" ' . In each of these columns, the PCE 
concentrations tended to increase once the deionized water flush began suggesting that 

300 400 

T i iM (hourt) 

700 

Fig. 4. Accumulated effluent Cl~ mass as a fraction of initial CI" mass in column. The accumulated mass 
remove includes both aqueous PCE and equivalent PCE mass oxidized as calculated from CI" data. The initial 
PCE mass was 1640 mg. 

400262 



212 M. Schnarr etal. /Journal of Contaminant Hydrology 29 (1998) 205-224 

some PCE remained; however relative to the colunm flushed only with deionized water, 
effluent PCE concentrations were 1 to 2 orders of magnitude lower. 

The accumulated equivalent PCE mass produced from each colimin is presented in 
Fig. 4; the mass of the initial PCE source was 1640 mg. The equivalent mass includes 
both effluent PCE and PCE oxidized calculated from Cl~ in the effluent. The mass 
balance over-estimates the initial mass of PCE firom 103%-122%. This error in the mass 
balance was attributed mainly to variability in the flow rates. 

During the deionized water flush following KMn04 addition, the PCE concentration 
in the effluents from COL 1, 2 and 4 increased fix)m about 0.3 mg L~' to as high as 6 
mg L"' then decreased below the detection limit. COL 3, which had the highest oxidant 
loading, did not experience this rebound. While most of the VCE had been oxidized in 
situ, a small amount of PCE remained within each column; however, for COL 3 and 
COL 4 (both flushed at close to the same flow rate as the dissolution control) the final 
effluent PCE concentrations were about 1% of those in COL 5. 

6. Field experimentation 

6.1. Experimental cell details 

6.2. Sampling methods 

Sample collection ft'om the multileveis was performed by connecting individual 
sample points to a 250 mL Erienmeyer flask through a stopper. A vacuum was applied 
to the flask using a 50 mL syringe. Typically, 75-100 mL of sample were collected. 
Part of this volume was decanted into an 8 mL vial with Teflon* lined septa for TCE 

I 
i 
I 
I 
I 
I 
I 
I 
i 

I 

Two pilot scale experiments were performed at the CFB Borden research site in an 
unconfined, shallow aquifer consisting of a glaciolacustrine sand (Bolha, 1986). The 
sand is predonunantly medium to fine grained and, while relatively homogeneous, 
contains numerous horizontal bedding features varying in thickness from millimeters to 
a few centimeters (Ball et al., 1990; Poulsen and Kueper, 1992). The mean hydraulic 
conductivity of the sand is 7.2 X 10"^ cm s~' (Sudicky, 1986). The experimental cell, 
consisting of double-walled, sealed joint sheet piling (Starr et al., 1992) extended from 
the surface down to a clay aquitard at a depth of approximately 2.5 m (Fig. 5). The pore 
volume of the cell, estimated from the sand porosity of 0.33 (Ball et al., 1990), was 
approximately 2.48 m .̂ _ 

Six injection and six extraction wells (2 in ID PVC) were located at opposite ends of n 
the cell as shown; these were screened at upper, intermediate, and lower depths with • 
each pair of well screens extending over one third of the depth. Also shown in Fig. 5 are 
the multilevel samplers which allowed collection of small volume samples from various 
points with the cell. The multilevel piezometers consisted of 0.06 in ID Teflon* tubes 
attached at I foot intervals to a central 0.5 in OD PVC pipe. The instrumentation was 
installed by simultaneously driving and jetting a 3 in ID steel casing to the required 
depth with a hand-held vibrating hammer, inserting the well casing or multilevel stem, 
withdrawing the larger steel casing and allowing the formation to collapse around the 
instrumem. 
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2.5 m 

Note: Not to scale. 

Fig. 5. Schematic diagram of experiment cell at CFB Borden field site, including (a) plan view and (b) 

cross-section, illustrating location of instrumentation and NAPL sources. 

and PCE analysis. A small quantity of granular sodium thiosulphate was added to reduce 
any KMn04 and prevent further solvent oxidation. The remaining volume was stored in 
a 40 mL EPA vial for CI" analysis. Sample analyses were conducted using the 
previously mentioned analytical methods. 

7. Experiment I: homogeneous residual source 

The DNAPL source for Experiment I consisted of 1 L (1.64 kg) of PCE which was 
mixed with soil taken from a 0.3 m X 0.3 m X 0.35 m block below the water table. The 
soiI:DNAPL mixture was replaced in the excavated block (Fig. 5). The residual DNAPL 
saturation was estimated to be 8% (v/v). The cell was subsequently flushed with a 10 g 
L~' aqueous solution of KMn04 through the injection wells; effluent was withdrawn 
from the extiaction wells. Constant head was maintained in the injection wells by 
siphoning from a constant head reservoir into each well. Flow rates were contiolled by a 
peristaltic pump at the extraction wells. Initially, botii the upper and intermediate 
extraction wells were pumped at a total flow rate of approximately 100 L per day. After 
monitoring confmned that oxidation was occurring only in the upper third of the cell, 
pumping from the intermediate extraction wells was stopped at 1200 h with the new 
flow rate of 50 L per day from the upper wells. The cell was flushed witii oxidant 

=5s 
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Time (hours) 

Fig. 6. Chloride concentrations observed at MLC-1, directly downgradient of the residual PCE source. 

solution for 120 days and then with water for a further 60 days to displace the remaining 
oxidant and reaction products. Effluent from the cell was continuously treated to remove 
residual oxidant and aqueous phase PCE. 
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Accumulated PCE mass destruction calculated based on observed chloride concentrations. 
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Chloride monitoring from the multilevel piezometers indicated that Cl~ was pro­
duced only in the upper third of the cell. After approximately 300 h of flushing, a rapid 
increase in CI" was observed in MLC-1 (Fig. 6). Over the remainder of the experiment, 
Cl~ concentrations at this point gradually declined to non-detectable levels. Using the 
CI" data from the extraction wells, the cumulative mass of effluent Cl~ was determined 
to be 1486 g or 91% of die chloride content of the initial source mass (Fig. 7). 

Several other quantitative measures were used to evaluate the effectiveness of this 
experiment. PCE was not detected during the post-oxidation water flush. As well, a core 
was removed from the source zone after the water flush fi-om which subsamples were 
taken and analyzed for their PCE content. Solvent concentrations in these subsamples 
were below the method detection limit ( < 0.0003% w/w). 

8. Experiment II: heterogenous NAPL source 

Experiment II had a mixture of PCE and TCE as a source; source emplacement was 
designed to simulate a slow leak release. Six 2.5 cm ID stainless steel pipes, 1.0 m long 
and equipped with drive points, were driven to a depth of 0.25 m in the centre of the cell 
in the same location as the Experiment I source. Equal masses of TCE and PCE (6,19 kg 
each, 8.0 L in total) were mixed with Sudan IV and distributed equally into the six 
source points over a period of 9 days. Volatilization of the TCE/PCE mixture was 
minimized by adding it below the water table; however, some minor loss from the 
separatory funnels containing the mixture was likely. The DNAPL mixture was allowed 
to nugrate within the cell for an additional 10 days before beginning in-situ KMn04 
oxidation. 

No effort was made to determine the distribution of the DNAPL within the cell; 
however, DNAPL was withdrawn from several of the multilevel sampling points 
throughout the course of the experiment. Initially, pure phase was evident in all the 
MLW and MLC sampling points but as tieatment proceeded, free product persisted at 
only the lowest point of the centi-e multilevel (MLC-5). 

8.1. Treatment system 

The treatment system was designed to supply KMn04 at a concenttation of 10 g L~' 
through all six injection wells at a total flow rate of 48 L per day using the system of 
peristaltic pumps and a constant head reservoir as in Experiment I. 

In Experiment 1, the effluent eventually contained unused oxidant at concentrations 
close to 10 g L~' . An oxidant recycle system was used in Experiment II to reduce the 
amount of oxidant used and to eliminate the need for continuous effluent treatment. In 
this system (Fig. 8), effluent was pumped through a coarse cartridge filter and 
discharged to a equalization and setUing tank for removal of suspended Mn02(s) and 
other sohds. The main effluent line was drained by gravity to the constant head injection 
reservoir. A sample loop from the main effluent line ran through a spectrophotometer 
and was used to monitor KMn04 concentrations. The specttophotometer provided an 
input to a PID controller. In turn, the controller ran a peristaltic pump which diverted a 
fraction of the main effluent flow to a column packed with crystalline KMn04. The 
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Fig. 8. Treatment schematic for Experiment 11 oxidant recycle system. 

discharge from the column produced an oxidant solution near solubility (64 g L~' at 
20°C (Perry et al., 1984)), This stteam was mixed back into the main effluent line before 
the spectrophotometer sample loop. 

8.2. CI" concentration profiles in multileuels 

Fig, 9 presents datJi from MLC. Low background Cl~ concentrations (generally less 
than 20 mg L"') were observed prior to KMn04 addition. After KMn04 addition, 
substantial increases in CI" concentration were observed. At three levels (MLC-2, 
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Fig. 9. Chloride concentrations observed in MLC (MLC 1 is the shallowest; MLC 5 is the deepest). The heavy 
line represents the variation of CI" in the injected oxidant solution. 
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MLC-3 and MLC-5), concentrations exceeded 3000 mg L " ' , indicating tiiat significant 
oxidation was occurring adjacent to these points. 

MLC-1 and MLC-4 exhibited littie evidence of oxidation. Each experienced a gradual 
increase in CI" but this was owing principally to CI" in the recycled KMn04 solution. 
Cl~ concentiations at each of these two points were generally similar to the profile of 
injection feed concentrations indicating relatively little DNAPL oxidization at these 
depths. 

8.3. CI" and solvent concentration profiles in extraction wells 

PCE concentration data from the exttaction wells are presented in Fig. 10; the data 
points are averages for the pair of wells at each depth, TCE concenttations (not shown) 
were generally similar but slightiy higher. Some ttends are evident in spite of high 
variability in the data. The highest concenttations of both solvents were observed in the 
upper wells. From 2000 to 2500 h, the concenttations of PCE were in the 10 to 50 mg 
L~' range. During this time, the effluent from the extraction wells was nearly colourless 
indicating that most of the KMn04 had been consumed. Beyond this time, KMn04 
concentrations began to increase in the effluent with a corresponding reduction in the 
PCE concenttations. 

The PCE and TCE concentrations declined with time and after approximately 6000 h, 
remained at concenttations less than 0.01 mg L~'. At this point, the effluent had high 
KMn04 concentrations approaching the injected concenttation. 

Chloride concentrations (Fig. 11) in all of the exttaction wells increased over time 
owing to the recycling of the CI" in addition to the oxidant. The changes in concentta­
tion relative the concentration of CI" injected in the cell provide some clue to the 
location of DNAPL mass. The intermediate and lower exttaction well profiles are 
similar to the injection feed profile suggesting tiiat liule mass removal is occurring in the 
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Fig. 10. Effluent PCE in the three pairs of extraction wells (highest relative concentrations in the upper pair). 
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Fig. 11. Chloride concentrations observed in the extraction wells. 

lower two thirds of the cell; however, up to the end of the oxidant flush, the C\~ 
concenttation in the upper extraction well is higher than the injection feed indicating that 
some solvent mass is still being oxidized, 

8.4. Chloride mass balance 

# 

Mass balance calculations based on CI" production were used to estimate the extent 
of DNAPL oxidation. With a single pass system, such as that used in Experiment 1, the 
concenttation of CI" in the effluent from the extraction wells was readily converted to 
an equivalent mass of PCE oxidized. However, die recycle system used in Experiment II 
complicated the mass balance calculations because of the recycling of CI ~ back into the 
cell. 

In addition, probkrns with the reinjection equipment during the initial stages of 
tteatment resulted in periodic effluent losses from the system. It was estimated that 1,1 
kg of c r or 11% of die initial C r mass was lost in tfiis way. 

An approximate method was used to estimate the mass of DNAPL oxidized based on 
CI" release. The averages of the last five effluent and the feed concentrations shown in 
Fig. 12 were assumed to represent the average CI" concentration in the entire cell. The 
total pore volume of the cell plus the liquid volume in the above ground treatment 
system, was estimated to be 2800 L, Based on this average, it was determined that 
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Fig. 12. Average effluent and injection feed chloride concentrations used to estimate total chloride mass in 

system. 

approximately 51% of the CI" content of the original solvent source was present in this 
volume. Includuig the 11% CI" loss, approximately 62% of the initial mass of chlorine 
had been released by the oxidant flush. 

9. Discussion 

While in-situ oxidation removed substantial DNAPL mass in both field experiments, 
it is likely that the subsurface distribution of DNAPL had a significant effect on the rates 
of mass removal. In Experiment I, the residual PCE source was rapidly and completely 
oxidized, a reflection of die homogeneous disttiburion of the DNAPL as a residual with 
a relatively large surface area:volume (A:V) ratio which would allow rapid dissolution. 
As well, the aqueous phase permeability in the source area would be high relative to the 
permeability of source zones with high NAPL saturations. In more typical DNAPL 
sources, such has that used in Experiment II, non-wetting phase saturations would be 
highly variable and could possibly include pooled DNAPL above slight permeability 
conttasts. For example, in an experimental PCE release at a nearby location, PCE flow 
was found to be conttolled by millimeter scale sand bedding structures with non-wetting 
phase saturations ranging from 1% to 38.1% (Kueper et al„ 1993), Experiment H, 
containing a variable DNAPL distribution, would likely have some fraction of the 
solvent source present in both high and low saturations. The low saturations would be 
readily oxidized (as in Experiment I) but mass removal of high saturation zones would 
be slow owing botii the lower aqueous phase permeability and lower A:V ratios. In the 
extreme case, where all the DNAPL is present as pools above low permeability zones 
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Fig. 13. Conceptual model describing mass reitioval by in-situ chemical oxidation. 

and is occupying almost the entire pore space, mass removal would be limited by weak 
dispersive processes, resulting in lower mass removal from the source zone than 
achievable by advectively dominated flushing. 

Successfiil prediction of overall rates of mass removal would require rate expressions 
for both non-equilibrium dissolution and oxidation. In the conceptual model (Fig. 13) 
proposed in this work to describe mass removal rates, dissolution mass ttansfer, driven 
primarily by aqueous phase PCE/TCE concenttation gradients, is enhanced by the 
oxidation reaction which increases these gradients. As the aqueous solvent gradient is 
increased, the dissolution mass flux is increased. Simultaneously, the concenttation 
gradient of the oxidant would be increased, causing an increase in oxidant mass flux 
towards the DNAPL.water interface. 

The ability of in situ oxidation to remove PCE was clearly demonstrated in 
Experiment I. Based on tiie CI' mass balance, greater than 90% of the 1.64 kg 
emplaced mass was oxidized in 120 days; however, it was inferred fix)m source 
sampling tiiat 100% of the mass had actually been removed. The peak PCE concentta­
tion observed in the exttaction wells at the beginning of this experiment prior to 
oxidation was 18 mg L"', Assuming tiiat this effluent concenttation remained constant, 
removal of the entire .iource by water flushing alone would require, at a minimum, 900 
days. In agreement with the conceptual model of dissolution and oxidation as parallel 
kinetic processes, the oxidant flush was able to accelerate dissolution of this source by 
increasing the concenttation gradients of both die dissolved phase solvent and the 
oxidant. It was evident from the CI" profiles that mass removal tailed off after the peak, 
an indication tiiat mass transfer rates during tiie oxidant flush were decreasing as 
DNAPL mass was removed. This would suggest that the mass tiransfer rate expressions 
cunendy in die published literature (e.g. Powers et al., 1994; Geller and Hunt, 1993; 
Guiguer and Frind, 1994) might be applied to estimate dissolution mass transfer during 
an oxidant flush. 

The release of CI" provided a measure of tiie spatial extent of source. During 
Experiment I, CI" production occurred only in the upper third of the cell zone and the 
tteatment process was adjusted to limit flow to this area alone. In Experiment II, most of 
the oxidation again appeared to occur in the upper third of the cell based on the 
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exttaction well Cl~ profiles. The CI" concenttations in the multilevel samplers gener­
ally supported this; however, the highest Cl~ concentrations were observed in MLC-5, 
This same multilevel contained pure phase during die entire experiment. These data 
suggest that during the DNAPL release at the beginning of the experiment, a portion of 
the solvent mixture moved laterally from the injection points, migrated down the 
multilevel stem and became immobilized at or below MLC-5. This is supported by other 
observations. During the experiment, CI" concentrations in the lower extraction wells, 
covering the vertical position of MLC-5, were only slightiy different from the feed 
concentrations implying that httle oxidation was occurring in the bottom third of the 
cell. This is consistent with the possibility of a small amount of DNAPL located right at 
the multilevel MLC 5 being oxidized to produce high localized CI" concentrations but 
only a small amount of Cl~ mass in the exttaction wells. Short-circuiting down 
multilevel stems was also observed by Kueper et al, (1993). 

Recycling of the oxidant was an effective method of reducing the amount of oxidant 
required and the degree of effluent treatment. Experiment I used approximately 80 kg of 
oxidant while Experiment U, with a substantially larger source mass, used almost 50 kg. 

During Experimental I, it was expected that organic material and reduced mineral 
species in the Borden sand (foe = 0.027% w/w. Ball et al., 1990) would consume 
oxidant. The oxidant demand of the Borden sand in the cell was estimated, based on 
effluent KMn04 data (not shown) from Experiment I to be at most, 7 kg KMn04 m"^ 
Borden sand. 

10. Application of in-situ oxidation at industrial sites 

Experimentation with KMnOi has been linuted to oxidation of TCE and PCE. While 
some other NAPL contaminants may be oxidizable (for example, other chlorinated 
alkenes), it is probable that many compounds will either be largely resistant to 
permanganate oxidation or oxidized to secondary organic compounds which may also be 
hazardous. This factor may make permanganate an unsuitable oxidant at field sites 
contaminated with solvent mixtures other than PCE and TCE. At field sites with 
complicated hydrogeology, the DNAPL source is likely to be spatially large with a 
complex distribution; a comprehensive site characterization program will be required to 
design of an injection system capable of supplying oxidant to the entire source while 
minimizing the volume of the tteatment zone. At many sites, some DNAPL will be 
isolated from advective flow causing mass removal to be limited by diffusion of oxidant 
into that zone. In these zones, it is possible that mass removal by oxidation will be faster 
than technologies such as cosolvent/surfactant flushing, owing to the increased concen­
tration gradients proposed in the conceptual model. In many cases, it may be that the 
application of in situ oxidation will rapidly remove the fraction of the DNAPL mass 
which has the largest driving potential for dissolution (large area to volume ratios in 
high permeability zones). Removal of tiiis fraction could result in significant lowering of 
aqueous concenttations with only a modest reduction in DNAPL mass, which would be 
advantageous from both economic and risk based perspectives. 
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11. Summary and conclusions 

Laboratory and pilot scale field experiments were performed to evaluate the effective­
ness of KMn04 flushing as a means of DNAPL source removal through in-situ 
oxidation. 

Column experimentation indicated that using the reaction product Cl~ was an 
effective means of following the progress of the oxidation reaction. Calculated mass 
balances based on CI" tended to overpredict mass removal; however, it was inferred 
from post-oxidation aqueous phase PCE concenttations that nearly complete removal of 
the PCE source was achieved. As well, mass removal was significantly faster and 
aqueous phase PCE concenttations were one to two orders of magnitude lower than with 
aqueous flushing alone. 

Two field experiments were completed within a section of the CFB Borden aquifer 
isolated by double walled sheet piling. In each experiment, monitoring of the process 
was accomplished by measurements of CI" concenttations in multilevel piezometers and 
extraction wells. In Experiment I with a emplaced residual PCE source, the oxidant flush 
removed 100% of the DNAPL mass, as determined by aqueous phase concenttations, a 
chloride mass balance, and source zone core samples. In Experiment II, using a 
heterogeneous source produced by slowly leaking PCE and TCE into the field cell, 
about 60% of the DNAPL mass was removed from the source. Several factors appeared 
to conttol the effectiveness of in situ oxidation at the field scale. The process of 
dissolution is the principal determinant of DNAPL mass removal rates. It was clear that 
the rate of dissolution during an oxidant flush is much more rapid than during a water 
flush. Linked to the dissolution process is the distribution of the DNAPL and geologic 
heterogeneity. Complex distributions will require careful site characterization to design 
an effective oxidant injection system that is capable of delivering oxidant to the entire 
source zone. 

Oxidant recycling was determined to be an effective and practical method of reducing 
both the total amount of oxidant required as well as the need for effluent treatment 

Chloride monitoring during each experiment was used to estimate the amount of mass 
destruction and also provided some indication of the location of the DNAPL. 

The in situ oxidation technology has potential to be an effective means of removing 
DNAPL mass at rates much more rapid than conventional pump and tteat sttategies. It is 
unlikely that in-situ oxidation could ever remove 100% of the contaminant mass at an 
actual field site within a realistic time frame; however, it is feasible that rapid removal 
of the more accessible DNAPL will result in lower plume concenttations subsequent to 
the chemical flush and reduce the time required for a subsequent pump and tteat system. 
Further work characterizing the dissolution process from various D N A P L distributions 
during an oxidant flush is presently ongoing to adequately address both these possibili­
ties. 
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fOT the U.S. Dq)artment of Enagy under Contract No. DE-ACX)9-96-SR18500 

400279 



I 

DISCLAIMER 

This report was prepared as an account of woik sponsored by an agency of die United States 
Government. Neitl^ the United.States GovemnMait nor any agency thereof, nor any of dieir 
employees, makes any wairanty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or lepresoits that its use would not infinnge privately owned xi^ts. 
Reference h^ein to any s;>ecific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or in^ly its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof. The 
views and opinions of authors expressed hoein do not necessarily state or reflect diose of the 
United States Govonment or any agency thereof. 

This report has bean reproduced directly &pm the best available copy. 

Available to DOE and DOE contractors from the Office of Scientific and Techrucal Information, 
P.O. Box 62, Oak Ridge, TN 37831; prices available from (615) 576-840L 

Available to the public firom the National Technical Information Service, U.S. Department of 
Commerce/5285 Port Royal Road, Springfield, VA 22161. 

400280 



WSRC-TR-97-00283 
September 19,1997 

Rev. 0 
TABLE OF CONTENTS 

X * v O w J V l A l A J i C X »••—•••—»••»»•••••*»»—»*»•—»••*•••—»••»•»—»—•—»•*••*•»*—•»•**••*•—**•*•—•—•—>•»•———*»••»••••—*•**••»»••»»»•• X 

3.0 BACKGROUND ~; 2 
, 

4aX K cD^on s v^udmsury ••**...••....•.....*..•••....«.••.......*.*.•**•...••..•.***.•.**.**.**....•....•*...*.*..•...*.**....•..*...».«•«.••.. J 
4.2 Descriptioii of Geo-OeanseTechnoIogy ...........M«.M..>.>M...«~.....*~.>~.~......M.............>......M...........5 
4 3 Green Clay Integrity in the Vidnity of the M-Area Basan...«.~........«...«.......................„...........6 
4.4 Sdection of Draionstration Location.................~«..M.~.....n~....«M..~...M....~.~.............M......M......M6 
5.0 DESCRIPTION OF DEMONSTRATION • ~. ~. . 6 
6.0 ANALYSIS AND EVALUATION OF PRE-TEST CHARACTERIZATION SAMPLES ........9 
7.0 ANALYSIS AND EVALUATION OF TREATMENT TEST SAMPLES 10 
8.0 ANALYSIS AND EVALUATION OF POST-TEST CHARACTERIZATION SAMPLES..... 10 
9.0 EVALUATION OF DEMONSTRATION SUCCESS . 12 
10.0 COST EVALUATION OF DEMONSTRATION . 16 
10.1 OT»all Cost of Demonstration in Relationship to Sensitivity to each Component of 

10*2 Uoit Cost of Jsk Situ Oxidadon Technology •*•—••—•••••̂ •••«»«—**——M*«M-».*«.«...«««—M..«*—.**.MM.«.*. 18 
XXav X # * o v . * w a 0 X \ ^ M v lJc J E C H I S W X J X I 9 »»#••»•»—•«—••*••»»»•>•*•—»»#»•»*»•***—»»•*»—»•*—»•»••••**••»•—»•»••*•»——•—••—»«A^W 

X ^ a V X v C f f f / l v t j | ^ » i f - l v ^ ••«*a«aaaa»aa*«a*aaa«aaa«*aa»a«aa«*aa«a««*«**«*****«*««****«**********************«**»******** • • • • • • • • • • • • • • • • • • • • • •a«aa A j 

LIST OF TABLES 

Table 9.1 Pre-and Post-Test DNAPL Mass and Destruction EfBdency for the&i Situ 
Oxidation Demonstrations.......».».M.............~......>....M..M.<«M..M..*..~.....'................. 12 

Table 10.1 Costs for In Situ Oxidation Using Fenton's Chemistry Demonstration Identified by 
/ V C U . V l . i y V i T & E e C O r y •••a*a*aaa»«a**«*a**«**««*«*aaaa«a»**««*«**«*ft***«*««**«*»*«*«*««**«**«»***»*«**«*ft«*«*a»«»a«**«»aa X O 

Table 10 Jt Costs for In Situ Oxidation Uang Fenton's Chenustry Demonstration Identified by 
X flffB »• » a a » # • — — • • aa—aa—a—aa—a•——a»a—aa#aaaaaaa«»aao»aaaaa»aa»aaaa»»aa»aaaaaaaa^aaaaaaaa»aa*aa^a*aaaaa*a»aaaaaaa*a X / 

Table 10 J Unit Cost/Pound of DNAPL Destroyed for Implementation of In Situ Oxidation for 
Destruction of DNAPL as a Function of Depth to Contamination ..........^............20 

USTOFnCURES 

figure 3.1 Area Map of bi Situ Oxidation Demonstration Site, Located Adijacent to the M-
Area Hazardous Waste Management Facility..................................................—...4 

F^;ure 4.1 Map of Green Clay in the Vicinity of the In Situ Oxidation Demonstration 
u k l l C a»a«>a«a>aaaaa>a*aaaawaaaaaaaaaaaaaa»— aa*aaa»aaaaaaaaaaaa«#*aaaaa«aaaaaaaaaaaaaa«aaaaaaaaaaaaa»aa—a«aa•^—•^m*aaaaaaaaa / 

Figure 5.1 Schematic of In Situ Oxidation Field Demonstration Site Layout ..........................8 
F^[are 7.1 In Sitn Oxidation Treatment Period Data ..«~..................«.M.~.>».~.....~....».......... 11 
f^iwre 9.1 Pre- and Post- Test Segment Concentrations for the In Situ Oxidation 

X / C V u O I l S l F l l U O I l •—a*a»aa—aaa—aaaaaa>—aa—a«a*aaaaa——aa*»aaaaa»—aaaaaaaaa——a—a—a«a«»a—a*«a—aaaaaa——aXJ 

figure 9.2 Pre- and Post- Test DNAPL Mass for the In Situ Oxidation Demonstration........ 14 
figure 9.3 Monitoring Well Data Shovnng Rebound of Contaminant Concentrations for In 

t 9 l t O V I X K Q A U O U Xr^QQ,OIISll'4AuOIu*«a«aaa*»a«aaM«*a«aa«*a«*a*aa***aaaaa«aa««a««»*«**aa*«a*aa**«»*a»a«*a«Maa*«*» X d 

Figure 9.4 Chloride Ion Concentration for In Situ Oxidation Demonstration....................... 16 
Figure 10.1 FuU Scale R^resentationofUnitCostyPoundofDNAPL Destroyed for 

Implonentation of b Situ Oxidation for Destruction of DNAPL as a fiinction of 
Dqpth to Contamination ........»....~.~.~...~...~~»i....~...~.~........~....~.......................21 

F^ure 10.2 Unit Cost/Pound of DNAPL Destroyed for Implementation of In Situ Oxidation for 
Destruction of DNAPL as a fonction of Deptii to Contamination .........................22 

4 0 0 2 8 1 I 



I WSRC-TR-97-00283 
Sq)tanber 19,1997 

Rev. 0 

APPENDICES 

APPENDIX A RAW DATA, SOIL CONCENTRATION DEPTH PROFILES k ) R IN SITU 
OXIDATION DEMONSTRATION, AND CAL(!:iJLATION OF DNAPL VOLUME 

APPENDIX B« >aaaaaaa*aa*aa*aaaaaaa«aaaaa«aaaa»a«aa«aaaaa*a«aa*aa«»aaaaaa« SAMPLING AND ANALYSIS METHODS 
APPENDIX C BASIS FOR UNIT COST FOR PUMP AND TREAT SYSTEM 
APPENDIX D UNIT COST CALCULATION FOR IN SITU OXIDATION TECHNOLOGY 

400282 



WSRC-lR-97-00283 
September 19 ,1997 

Rev.O 
A C R O N Y M L I S T 

bgs 
cfm 
DNAPL 
EfD 
FID 

ft! 
GC 
GC-MS^ 
gm 
\igm 
lb 
ikAPL 
mg/L 
MOXandMSB 
msl 
NAPL 
PCB 
PCH 
ppm 
ppmv 
RCRA 
SRS 
SVE 
TCE 

Chemicals 
CD, 
CI 
FM-2 
Fe+3 
H^Oa 
O H - o r O H * 
HjO 

below ground surface 
cubic feet per minute 
Dense Non-Aqueous Phase Liquid 
Electron Capture Detector 
Flame Ionization Detector 
feet 
Gas Chiomatograph 
Gas Chrmatogn^h - Mass Spectrometer 
gram 
microgram 
pound 
Light Non-Aqueous Phase Liquid 
milligrams/liter 
Well identifier series 
mean sea level 
Non-Aqueous ^hase l iqu id 
Polychlorinated Bi-Hienyl 
Perchloroethylene or tetrachloroethylene 
parts per million 
parts per million vapor 
Resource Conservation and Recovery Act 
Savannah River Site 
Soil Vapor Extraction 
Trichloroethylene 

carbon dioxide 
chloride ion 
ferrous iron 
ferric iron 
hydrogen peroxide 
hydroxyl radical 
water 

I 

4 

400283 I 



I WSRC-TR-97-00283 
September 19,1997 

Rev.O 

400284 



WSRC-TR-97-00283 
September 19,1997 

Rev.O 
Page 1 of 24 

1.0 SUMMARY 

At large industrial sites like the A M Area of the Savannah River Site (SRS), undissolved dense non­
aqueous phase liquid (DNAPL) in soil and groundwater is the most significant barrio: to successful clean 
up. DNAPL acts as a reservoir that will continue to geaerate contaminant levels far above remediation 
concentration goals well into the future. In an effort to achieve remediation goals and reduce future costs, 
the SRS DNAPL program is evaluating technologies which will recycle or destroy DNAPL. In situ 
oxidadon is one class of DNAPL destruction technologies. A demonstration of this technology was 
conducted at SRS in the spring of 1997. This demonstration involved treating a small DNAPL plume in 
the A/M Area over a 6 day period. A destruction effidency of 94 % was achieved in this small scale test 
As part of the test evaluation, a unit cost per pound of DNAPL was determined for different dq)tbs to 
DNAPL and for varying volumes of DNAPL. Comparison was made to pump and treat (air stripping) 
which is considered a baseline technology for DNAPL contaminated groundwater. This information will 
provide a basis to detomine which DNAPL contaminated waste units will be remediated in a more cost 
effective manner by using in situ oxidatioiL For the A/M Area, aDNAPL pool of approximately 11,000 
pounds or more is required for this technology to be more cost effident than pmap and treat 

The in situ oxidation of DNAPL demonstration deployed a technology based on Fenton's chemistry to 
destroy DNAPL below die water table. This demonstration was a cooperative venture between 
Westinghouse Savannah River Company and Geo-Cleanse International, Inc. The site selected for the 
demonstration is a SO ft by 50 ft area adjacent to the M-Area Seepage Basin, a known source of DNAPL. 
The ate is located along an area of DNAPL m i c t i o n in the subsurface. DNAPL is located at 
iq}proximately 140 ft below surface at the demonstration site (q)proximateIy 20 ft below the top of the 
water table). The treatment zone consisted of a 64,000 ft' volume of soil containing ^proximately 600 
pounds of DNAPL. Four injector wells, three monitoring wells and three vadose zone piezometers were 
installed for this test The demonstration occurred in three stages: pre-test characterization, technology 
test, and post-test characterization. 

Charactoization efforts conducted throughout the demortstration were used to evaluate the effectiveness of 
the technology. Pre- and post-test charactoization activides consisted primarily of soil core sampling to 
determine the soil concentration of TCE and PCE in the treatment zone. Groundwater sampling was 
conducted duoughout all three phases of the demonstration to provide information on TCE and 1?CE 
concentrations, chloride concentradons, pH and tempo-ature. Indicators of destrucdon include increase in 
chloride concentration in groundwater during the treatment period and decreases in TCE and PCE 
concentration in both groundwater and soil from pre-test to post-test 

Held activities were initiated January 8,1997 with the start of pre-test characterization of the 
demonstration site. These activities lasted for five weeks. Infrastmcture support activities were completed 
and the demonstration test was initiated on April 15,1997. The six day treatment period ended on April 
21,1997. The treatment period lasted for six days. Post-test characterization activities began April 24, 
1997 and were conq>leted July 23, 1997. 

Several observations made during the treatment period have led to a proposal for foUow-on work. 
Increased groundwater tempo'ature, inoperable groundwater monitoring pvnaps during operation (due to 
release of gases fiom reaction) and audible bubbling sounds fiom the monitoring wells indicated a 
vigorous cheinical reaction occurred. This raised questions on what happens in the treatment zone from a 
geo-chemical and biological perspective. 
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2.0 INTRODUCTION 

The in situ oxidation of DNAPL demonstration deployed a technology based on Fenton's chemistry to 
destroy DNAPL below die water table. This demonstration, sponsored by the Depattinent of Energy, is a 
cooperative venture between Westinghouse Savaimah River Compaiiy and Geo-Cleanse International, Inc. 
(referred to as Geo-Cleanse through the remainder of this document). The purpose of this demonstration 
is to evaluate a technology in the general class of DNAPL destruction technologies. The site selected for 
die demonstration is a 50 ft by 50 ft area adjaceiit to the M-Area Seepage Basin, a known source of 
DNAPL. The site is located along an area of DNAPL migration in die subsurface. DNAPL is located at 
in a thin zone at ^proximately 140 feet below surface (and in discrete lenses associated with other clay 
layos at the site) at the demonstration site. Four injector wells, three monitoring wells and three vadose 
zone piezometers were iiistalled for this test The demonstration occurred in three stages: pre-test 
characterization, technology test, and post-test characterization. The following report documents results 
and conclusions of this demonstration. 

Field activities were initiated January 8,1997 with the start of pre-test characterization of the 
demonstration site. These activities lasted for five weeks. Infiastructure support activities were completed 
and the demonstration test was initiated on April 15,1997 with conqiletion on April 21,1997. The 
treatment period lasted for six days. Post-test characterization activities began i^r i l 24,1997 and were 
completed July 23,1997, 

3.0 BACKGROUND 

The M-Area of Savannah River Site was a fuel and target fabrication facility. The mission of this area 
was processing uranium, lithium, aluminum and other materials into fiiel dements and targets for use in 
the nuclear production reactors. The processes were primarily metallurgical and mechanical, such as 
casting, extrusion, plating, hot-die-sizing, welding and magneforming. Solvent cleaning and acid/caustic 
etching were used to prepare the materials. 

The M-Area Settling Basin and associated areas (the overflow ditch. Lost Lake, the seepage area, and the 
inlet process sewer line), designated as the M-Area Hazardous Waste Management Facility, received 
process effluent fi-om 1958 until 1985. VOC contamination of soils and groundwater occurred in M-Area 
as a result of breaks in the old process-sewer line and disposal to the basiit In 1985, pimip and treat was 
eiiq>loyed, followed by soil vq)or extraction (SVE) in 1995. The M-Area Setding Basin, ct^ped in 1988 
and closed under RCRA, is a certified closure as a landfill. Ihese activities have been performed under a 
RCRA Post Qosure Care Part B Permit This demonstration of an in situ oxidation technology to destroy 
DNAPL supports the phased remediation of the 1500 acre plume. 

A wide range of research and development activities have been performed in support of the A/M -Area 
groundwater corrective actioiL These various activities have been designated the Integrated 
Demonstration and include use of horizontal wells for remediation, an in situ air stripping test, in situ 
bioremediation test off gas treatment technology tests, a radio frequency heating test, and an ohmic 
heating test Development and demonstration of characterization tools have also been an integral part of 
the program in the A/M area. 

During routine sanq)ling using a bottom filling bailer, a s^arate, dense phase was identified in 
monitCKing wells MSB-3D and MSB-22 svaaps. These wells are located {^iproximately 20 feet from die 
M-Area Settling Basin. I h e relatively thick vadose zone, ^proximately 130 ft, beneath A/M-Area tends 
to limit the downward flux of DNAPL and capture some DNAPL in layered clays. As expected, DNAPL 
below die water table has been observed where solvent release exceeded the capacity of the vadose zone to 
moderate the flux of the pure phase to the groundwater. Ihe clearest evidence of DNAPL below the water 
table was found at the Settling Basin, where a separate phase was identified in the sraaps of weUs MSB-
3D and MSB-22. Data collected at separate times suggest that DNAFL below die water table occurs as 
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relatively diffuse ganglia and/or a thin layer on the top of aquitards, and that DNAPL collects in well 
sumps as a result of dynamic processes. One such process is accumulation of dense ganglia in the well 
sump as the well is actively purged and sampled (similar to accumulation of sediments in die $iunp). 

The cone penetrometra', in conjunction widi conventional coring, allowed refinranent of the delineation of 
an important clay zone (the "green clay") beneath the water table. Undulations and other structural 
variations on top of this layer serve to control movement of a dense phase below the water table. Based on 
cone penetrometer results, structure controlled pathways for density-dominated transport below the water 
table were discerned. Two potential pathways v/ete identified. The primary potential pathway of 
contaminant migration begins near the Settling Basin, where DNAPL was found in monitoring wells 
MSB-3D and MSB-22, Rgure 3.1. The contour grades toward the west and dien north toward MSB-76, 
where high dissolved constituent concentrations (> l(XX)̂ g/L) are reported. 

Phase I of the DNAPL characterization provided significant i n s i ^ into die nature and location of 
DNAPL in the SRS subsurface. In particular, data indicate a substantial amount of DNAPL has been 
trapped in clays and silts in the vadose zone above the water table. Phase 1 characterization data also 
suggest DNAPL below the water table in A/M-Area is present as disconnected ganglia, rather than as a 
large, solvent-saturated layo'. DNAPL present below the wato- table is composed of approximately 95% 
TCE, 5% PCE and a very small but measurable amount of PCBs. Objectives of Phase 2 of the DNAPL 
remediation focus on: (1) pure phase DNAPL, (2) recycle of DNAPL, and (3) on site destruction of 
DNAPL. 

The in situ oxidation of DNAPL demonstration is an important element of the Phase 2 remediation 
activities. This demonstration involves in situ oxidative destruction of the DNAPL plume using Fenton's 
diemisti^. Demonstration activities were conducted within one quarter mile of the M-Area Settling 
Basin. Figure 3.1 shows the selected location for this demonstration, the area of review, all monitoring 
wells, surface bodies of watra-, roads, and other cultural features. Because "treatment" of pure phase non­
aqueous phase liquid (NAPL) is the key to a successfid and timely cleanup, in situ oxidation technologies 
are promising sys 
tems for destruction of both aqueous and pure phase NAPL in die subsurface. 

4 0 TECHNICAL BASIS 

4.1 Fenton's Chenustry 

The Geo-Cleanse* process is an in situ oxidative reduction process based on Fenton's chemistry. 

H. J. H. Fenton developed a chemistry which oxidized malic acid through use of hydrogen peroxide and 
iron salts in the 1890s. This chemistry has been, and is still widely used by the waste water industry for 
treatment of organic wastes. Hydrogen peroxide is die active ingredient in oxidation of organic conqiounds 
by this methodology. The hydroxyl radical is the reactive spedes in this process. 

The chemistry of Fenton's res^ent (1) is well documented as a method for producing hydroxyl radicals by 
reaction of hydrogen pooxide and ferrous iron (Fe+2). Hydroxyl radicals are very powerfid, effective and 
DoaspeaQc oxidizing agents, approximatdy 10̂  to 10' times more powerful than oxygen or ozone alone. 

HiOi+Fe^ =o Fe** + OH + OH* (1) 

With the Geo-Oeanse* process, iron salts in the form of ferrous sulfate (Fie-i-2) and hydrogen pooxide are 
injected with a patraited process. Patents #5,525,008 and #5,611,642, to generate hydroxyl radicals. 
Pn^etary mixtures of non-hazardous metallic salts are used to control the reaction. During the optimum 
reaction sequence and when the catalyst is iron, ferrous iron (Fe-i-2) is converted to ferric iron (Fb4-3). 
Ferrous iron is soluble in water at the target pH and is necessary for generation of the hydroxyl radical. 

I 

4 
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but ferric u-on will not generate die hydroxyl radical and is less soluble at die target pH range (pH 5 to 6). 
However, under properly controlled and buffered conditions, ferric iron can be regenerated back to ferrous 
iron by a subsequent reaction with another molecule of hydrogen peroxide (2). 

A and B were proposed locations for demonstration. 

A is location of In Situ Oxidation DemonstratioiL 

Hgure 3.1 Area Mq> of In Situ Oxidation Demonstration Site, Located Adjacent to the M-Area 
Hazardous Waste Management Facility 
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H202 + Fe-3+ Fe^* + i r + H02*- (2) 

in this case, the iron will remain available in ferrous form as long as pH is properly buffered and there is 
suffident hydrogen pooxide. As hydrogen peroxide is consumed, some iron will predpitate out as ferric 
iron (if pH is moderate). The Geo-Qeanse* process has been widely used for tight non-aqueous phase 
liquids (LNAPLs), and adverse inq>acts due to precipitation of iron have not been observed. 

There are many reactions that occur during the oxidation of a contaminant, but as shown by equation (3) a 
contaminant (RHX), hydrogen peroxide, and ferric iron, as a catalyst, are consumed to produce water and 
carbon dioxide. RHX r^resents an organic compound and X r^resent a halide (such as chloride). If the 
conqiound is non-halogenated (no X), then die hydrogen ion and halide anion are not formed in the 
overall reaction. Thus conqraunds such as BTEX are converted to carbon dioxide and water, whereas 
trichloroethylene and tetrachloroethylene are converted to carbon dioxide, water, hydrogen and chloride 
ions, which are all non-toxic at the levels they will be produced. 

RHX + H202<=>H20 + C02 + i r+Xr (3) 

4 

4.2 Description of Geo-Qeanse* Technology 

Geo-Cleanse* technology, an in situ destruction technique, utiUzes Feiiton's reagent (ferrous iron and 
hydrogen peroxide) to convert organic contaminants to water and carbon dioxide. Hydrogen peroxide and 
catalyst (ferrous sulfate and/or sulfuric acid) are injected into the groundwato* zone whae DNAPL 
contamination is located. A patented injection process is used to inject hydrogen peroxide and catalyst 

ASba initial characterization of the site and installation of injectors in the zone of contamination, the 
treatmrat process is initiated. The number of injectors installed and volume of injectate is based on the 
source area size. Injection of catalyst solution with 2 to 4 cfin of air to sparge the catalyst away from the 
injector into the formation is the initial step in treatment This adjusts the groundwato' pH to between 4 
and 6, where metals, specifically iron, will be at die optimal electroii state, 4-2. This is followed by the 
simultaneous injection of hydrogen peroxide and catalyst Mixing of catalyst and hydrogen peroxide in the 
subsurfiu:e will generate heat as the reaction with organic contaminants progresses. Monitoring is 
conducted during the treatment phase for v/dter vapor, carbon dioxide gas, hydrogen p^oxide, the 
contaminants to be destroyed, pH, conductivity, and dissolved oxygen. Catalyst solution may be added 
throughout the injection process to maintain groundwater pH within the range of 4 to 6. 

A key part of this technology is the injection process. The injection process is proprietary and Patents 
#5,525,008 and #5,611,642 have been issued. The injector contains a mixing head which is utilized for 
mixing reagents and has conqionents to stimulate circulation of groundwater to promote rapid reagent 
diffusion and disposion. Thus, all reagents are injected into the subsurface through the injectors. Upon 
start of the injection process, air with catalyst solution is injected to ensure the injector is open to tiie 
formation prior to injection of praoxide and catalyst solution. When an acceptable flow has been 
established, peroxide and catalyst will be injected simultaneously. This ensures that catalyst and peroxide 
will not mix together in the sealed system. The injector is designed with a check valve arid constant 
pressure delivery system which prevents mixing of the chemicals before they have reached die zone of 
contamination/treatment Thus, the chance of reaction within the wellbore is eliminated. 
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4 J Green Clay Integrity in the Vicinity of tiie M-Area Basin 

Typical of the Adantic Coastal Plain,, sediments beneath A/M-Area are int»i)edded sands, silts and clays 
deposited during periods of fluctuation in sea levd and modified by erosion during intervening times. 
Clay rich confining, or restrictive, intervals are intersposed with more transmissive, sandier intervals. In 
A/M-Area, there are sevCTal clay rich intervals above die water table (with elevations of about 325 feet msl, 
305 feet msl, and 270 feet msl). Ground surface in central A/M-Area is about 365 feet msl, and the water 
table is approximately 135 feet deep (elevation 235 feet msl). DNAPL below the water table (target 
contamination for this in situ oxidi^on test) accumulates in sandy layers on top of fine grain (clay and silt) 
layers. The uppermost significant clay beneath the v/ater table is termed the "Green Clay." This confining 
zone is at an elevation of j^proximately 200'feet msl (or about 35 feet below the water table). The 
structural contour of this layer was carefully delineated in previous characterization work (WSRC, 1992). 
Delineation indicated the Green Clay is generally present in the vidnity of die M-Area Settling Basin. The 
uppermost surface of the (jreen Qay is not flat, but has structural features, undulating or irregular features 
forming local depressional or trough-like areas that control migration of DNAPL near die basiit Data 
from A/M-Area indicate discontinuities, in the form of compositional changes, present in the Green Clay. 
Note, however, tiiat die scale and pattern of DNAPL migration (in a narrow structural feature located 
between the M-Area Settling Basin and well cluster MSB 76) indicate DNAPL accunuilated above the 
Green Clay; diis is a target of opportunity for in situ destruction technologies. Hgure 4.1 is a 
representation of the siuf ace contour of the Green Clay in die vicinity of the M-Area Settling Basin. It is 
based on cone penetrometer data and hydrostratigraphic core information collected in the general vidnity 
of the M-Area Settling Basin and Integrated Demonstration Site. 

4.4 Selection of Demonstration Location 

Two locations of suspected DNAPL accumulation were identified adjacent to die closed M-Area Settling 
Basin, see Figure 3.1. Location A, die location chosen for die demonstration, is approximately 50 yards 
off the western comer of the basin. This location is in a bowl shaped surface depression approximately 50 
feet square. It is located within a suspected subsurface trough in the Green Clay along which DNAPL is 
migrating. The second location is off the eastern comer of the basin, location B in Hgure 3.1. Soil 
sample data showed no DNAPL, TCE and PCE below die water table at location B.. TCE and PCE were 
detected at a single depth in die vadose zone at location B. Concentrations of 0.98 (ig TCE/gm of soil and 
4.5 p.g PCE/gm of soil were detected an approximate depth of 90 feet below ground surface. 

Initial field work for this demonstration involved continuously coring and collecting sanqiles in both 
locations to detennine the prefrared site. One boring was drilled at each location. The location with the 
greatest concentration of TCE and PCE was selected for this demonstration. Site A was the chosen 
location. The estimated pre-tested volume of DNAPL at this location was approximately 600 potmds. 

5.0 DESCRIPTION OF DEMONSTRATION 

This demonstration was conducted in three phases: pre-test characterization, technology test (or treatment 
phase), post-test characterization. Pre-test characterization was used to identify the location of the 
demonstration, the zone below tfae water table to be targeted for treatofient, and initial TCE and PCB 
concentrations. Pre-test drilling consisted of 2 initial borings, located off the west corn«- and off the east 
comer of the basin, followed by 6 borings at the site selected for the demonstratioiL The locations of the 
pre-test borings at the selected test site are identified as MOX-1 through MOX-8, as shown in Hgure 5.1. 
These locations were all cored and samples collected and analyzed for TCE and PCE concentrations. 
MOX-1 th rou^ MOX-4 were convicted as injection wells and MOX-5 dirough MOX-8 were conqileted 
as monitoring wells. (MOX-6 is the identifier of die second of the two initial b(»iiigs drilled to select the 
demonstration location.) In addition, 4 vadose zone piezometers, idratified as MOX-IV dirough MOX-
4V, were installed. Nocharacterizationdata was collected during die installation of the piezometers. The 
tieatment phase involved injection of the chemicals required for the destruction reaction to occur. 
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Schematic of In Situ Oxidation Held Demonstration Site Layout (coordinates are a local 

Injection occurred over a six day period, in a bateh process mode of approximately 6 hours p a day, 
completing one bateh per day. The process was itutiated each day by injection of the catalyst solutioit 
This was followed by injecting pooxide and additional catalyst, simultaneously, in volumes varying from 
500 to 1000 gallons per bateh. Monitoring of off-gases from monitcdng wells was conducted throughout 
the injection process. Due to the violent nature of this reaction, it was not possible to collect water 
sauries fiom the monitoring wells during injection. Monitoring wells were sampled daily before the 
injection process began. Post-test characterization encompassed post-test drilling to verify soil 
concentrations of TCE and PCE in the treatment zone and sampling and analysis of monitoring wells for 
a several month period after the injection process had been completed. Sanqiling of monitoring wells 
continued until TCE and PCE concentrations stopped increasing, a period of approximately 3 months. 
Post-test drilling involved 3 soil borings located on a transect running through die test area and within 3 
feet of the center of die test zone, with one boring being approximately 10 feet outside the outomost 
monitoring well. Spedfic details of the test are addressed below. 

In designing this demonstration, decisions had to be made conceromg location of the demonstration site, 
volume of DNAPL to be treated, volume of peroxide and catalyst to be injected, and verification of 
destmction of DNAPL. Two potential locations for the demonstration were selected based on previous 
data indicating a high probability of finding DNAPL. Upon drilling both locations/one area was found to 
contain no indication of DNAPL, while die second area showed soil concentrations of 10 to 150 Mg/g of 
PCE. Highest concentrations were found in a zone at {4>proximatdy 140 feet below surface, at location A 
(Rgure 3.1). 
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Hve foot screens w«e used for all installed wells (both monitoring and injector) with the screen zone set 
fiom 138 ft to 143 fi below surface. A drcular pattern was chosen for the system layout with an injector 
in the center, tinged by 3 injectors with 3 monitoring wells in a diird outer ring. Injectors were set on 17 
foot centers with monitoring wells on 27 foot centers. Three vadose zone piezometers woe also installed 
widiin the treatment area. Hgure 5.1 shows a schematic of the system layout Upon completing pre-test 
drilling, it was determined that approximately 600 pounds of DNAPL was located within the tieatment 
zone (see Appendix A for equation). The treatment zone was defined as being from the wato' table to the 
top of die Green Clay, a zone approximately 30 feet in depth. Testing of the Geo-Qeanse* process 
occurred over a 6 day period. Injection was conducted in bateh mode with one bateh injected per day. 
The injectate was composed of a catalyst of 100 ppm ferrous sulfate which was pH adjusted with 
concentrated sulfirric acid and the hydrogen peroxide. Three days after the last injection, post-test drilling 
was initiated to verify destruction of DNAPL. In addition, post-test sanqiling of monitoring wells was 
initiated on a weekly basis. 

6.0 ANALYSIS AND EVALUATION OF PRE-TEST CHARACTERIZATION SAMPLES 
Samples for these tests were analyzed by headspace analysis using a gas chromatogrt^h (GC) with a flame 
ionization detector (FID) and election cqitiue detector (ECD) for TCE and PCE. Duplicates were 
collected for all samples with triplicates collected of samples used in selecting the treatment zone. These 
triplicate saicples were analyzed immediately upon collection by a gas chromatogn^h with mass-
spectrometer (GC-MS) with direct injection of the sample. This allowed for r^id turn around of the 
sanqile results leading to rapid decisionmaking on screen zone depth; thus, minimizing down time during 
the well installation process. (The original and duplicates were analyzed as per standard protocol.) 
Standards were prepared and run with each batch of samples analyzed. Standard curves were generated 
and concentrations determined for each analyzed sample. This mediodology was followed for all samples 
analyzed for TCE and PCE diroughout die demonstration (treatment test, and post-test). 

All pre-test data is provided in Appendix A. Based on analysis of samples from MOX-5 and MOX-6 
(first borings at locations A and B, respectively), location A was selected for the demonstaation. These 
two holes woe drilled to depths of approximately 155 fi bgs with sanqiles collected continuously fiom 
surface to total depth. Sampling to 155 ft ensured sanqiling to die top of the Green Clay. Sampling 
intCTvals were every 10 feet at die surface and decreased to evay foot for die bottom30 feet of each hole 
(dq)th fiom water table to total depth). Small sampUng intervals near die bottom of die holes enabled 
identification of discrete DNAPL zones to the extent possible (remember that DNAPL exists as ganglia 
below the water table). Data from MOX-5, at location A, showed the presence of TCE and PCE below the 
water table at a depdi of approximately 140 feet bgs. TCE and PCE were present in MOX-6, location B, 
in the vadose zone only (approximately 90 feet bgs). For this demonstration, die selected site must have 
DNAPL below the water table. Thus, location A, which is located approximately 50 yards to the west of 
the closed M-Area Basin, was selected. 

Using the data fiom MOX-5, the well screen dieptbs were selected. MOX-4 and MOX-8 wiiich woe 
drilled to 155 and 165 ft bgs total depth, respectively, confirmed the findings of MOX-5. The remaining 
4 weUs for the demonstration were drilled to a total depth of 144 ft bgs. All seven wells at the 
demonstration site were screened fiom 138 ft to 143 ft bgs. These holes were sanqiled fiom above die 
water table ({^proximately 125 ft bgs) to total depth at intervals every 2 feet for the first 5 to 10 feet then 
at intervals of 1 foot until reaching total depth. 

The majority of the DNAPL at location A was detected in a zone from 138 ft bgs to 144 ft bgs, collected 
on a clay stringer approximately 10 ft above the Green Qay. Small quantities of PCE and TCE were 
detected below the Green Qay, a leali^ aquitard diat separates the water table zone (M Area Aquifo:) from 
a semiconfined zone (Lost hdse Aquifer). Volume of DNAPL in the target tieatment zone was calculated 
using all pre-test characterization data at Location A (see Appendix A for calculation). The treatment 
zone extended vertically fiom the water table to the top of the Green Qay (approximately 30 ft thick) and 
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laterally a circular area of radius 27 feet from the center injector. Volumes of DNAPL present were 
calculated over 1 foot increments by averaging the soil core data widiin each increment The volumes 
woe added and a total volume of 593 pounds of DNAPL was calculated. 

Pre-test data, collected from MOX-5, MOX-7 and MOX-8, included'average PCE and TCE water 
concentrations of 119.49 mg/L and 21.3 mg/L, respectively. Avoage baseline pH, temperahue and 
chloride readings were 5.71 pH units, 19.2' C and 3.61 mg/L, respectively. 

7.0 ANALYSIS AND EVALUATION OF TREATMENT TEST SAMPLES 

During the six day treatment test water saiiq>les were collected from the monitoring wells (MOX-5,7 and 
8) and analyzed for PCE, TCE, pH, temperature, and chloride ion. Water samples were collected in the 
morning before the bateh injections. Water sampling was limited due to poor pump performance caused 
by gases entrained in die groundwater during and immediately following injection. Bubbling was heard 
emanating from the morutoring wells during operation, corroborating the hypothesis that entrained gases 
were the cause of the poor performance of the pun^s.. Avert^e contaminant concentrations in the 
treatment area groundwater were 119.49 mg/L POB and 21.31 mg/L TCE befove treatment and were 
reduced to 0.65 mg/L PCE and 0 07 mg/L TCE at completion of tteatment Average pH before tieatment 
was 5.71 and 2.44 at conqiletion of tieatment Reduction in pH was due to addition of add to reduce pH 
for optimal oxidation and, to some extent, reduction of pH due to inctease in COi from the destmction 
process. Average baseline groundwater temperature in the treatment zone was 19.2* C and was raised to a 
maximum of 34.7° C by the oxidation process. Average baseline chloride concentration was 3.61 ii^/L 
and reached a maximum of 24.33 mg/L at the completion of the treatment process. The increase in 
chloride concentration verifies breakdown (oxidation) of PCX and TCE which was contacted by the 
peroxide. Hydrogen peroxide (H2O2) concentrations in the monitoring wells ranged from approximately 2 
to 5 ppm. Data fiom the in situ oxidation treatment period is shown in Hgure 7.1. A time history of the 
hydrogen peroxide bateh injections, PCE and TCE, and chloride concentrations is illustrated in these 
charts. 

Three vadose zone wells, screened approximately 10 ft above the water table, were monitored for increases 
in CO2 and TCE and PCE volatilizmg fixim the groundwater. Increases in concentrations of these three 
parameters woe not observed. This may be accounted for by the distance of the piezometers above the 
tieatment zone and interbedded sand and cl9.y between the piezometers and treatment zone acting as 
barriers to upward migration. 

Gaseous headspace fiom the monitoring wells was monitored for COj, PCE, and TCE during the injection 
process. Gases were escaping from water in the monitoring wells daring injection due to the violent 
oxidation process. Carbon dioxide levels from gases escaping from the monitoring wells rose to over 
3,500 ppmv (ambient CQj levels are approximately 300-400 ppmv). Elevated CQj levels verify DNAPL 
oxidation in the subsurface to HiO, COa, and Q- based on stoichiometry presented in equation 3 (Section 
4.1). PCE and TCE were evident in the gas and can be attributed to sparging of water in the wells. PCE 
and TCE gas concentrations from the headspace of the monitoring wells dming the oxidation process 
ranged fiom 0 to 190 ppmv PCE and 0 to 80 ppmv TCE. 

8.0 ANALYSIS AND EVALUATION OF POST-TEST CHARACTERIZATION SAMPLES 

Three post test soil borings woe conducted to obtain sediment sanqiles for VOC analysis to detomine 
effectiveness of the treatment process. A sigruficant decrease in PCE and TCE concentration was 
observed in post-test sediment sanq>Ies. Post-test borings were located .on a transect ninning tlirough the 
test area and within 3 feet of die center of the test zone (MOX-IO and 11), with one boring being 
approximately 10 feet outside the outermost morutoring well (MOX-9). The outermost boring, MOX-9. 
was outside the expected treatment zone and was used to verify &e DNAPL had not been moved out of the 
treatment zone. See Hgure 5.1. 
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Rgure 7.1 - In Situ Oxidation Treatment Period Data 

Samples for these tests were analyzed by headspace analysis using a gas chromatogcaph (GC) widi a flame 
ionization detector (FED) and electron capture detector (ECD) for TCE and PCE, Appendix B. Duplicates 
were collected for all samples. Standards were prepami and run with each bateh of samples analyzed. 
Standard curves were generated, and concentrations determined for each analyzed sample. 4 
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All post-test data is provided in Appendix A. Sediment sampling began at 117 ft bgs at an interval of 
every foot for die bottom 30 ft of each hole, approximately. MOX-9 was completed to 152 ft, MOX-10 to 
153 ft, and MOX-11 to 156 ft bgs. MOX-11 was sampled through the Green Clay confining zone to 
determine if any DNAPL had been pushed through the unit The Green Clay forma^n is located at 
approximately 152 ft bgs. Small sampUng intervals near the bottom of the holes enabled identification of 
DNAPL zones to the extent possible. 

A dramatic decrease in VOC sediment concentrations was observed cornpared to pre-test borings 
indicating destruction of DNAPL in the tieatment zone. These findings will be discussed in Section 9.0. 

9.0 EVALUATION OF DEMONSTRATION SUCCESS 

Success of the demonstration is based on destruction of DNAPL in the treatment zone. The best measure 
of destruction success is based on measurement of DNAPL globules in the sediment before and after the 
treatment process. Destruction was measured by conducting pre- and post-test soil borings and measuring 
the amount of PCE and TCE in the sediment A con^arison of sediment concentrations for PCE and 
TCE fiom boring MOX-1 (pre-test) and MOX-11 (post-test) is presented in Hgure 9.1 (Appendix A 
contains the profiles for the remaining borings and wells). A significant decrease in sediment 
concentrations is evident The estimated pre-test mass of DNAPL iii the treatment zone was 593 lbs, and 
the estimated post-test mass of DNAPL was 36 lbs. This results in a 94% destmction rate estimated for 
the treatment zone. The treatment zone is defined as the vertical distance between the water table (124 ft 
bgs) and the Green Clay (152 ft bgs) and a 27 ft radius around the center injector. The estimated mass of 
DNAPL in the treatment zone before and after the test is presented in Table 9.1. Mass of contaminants 
was estimated by avers^ng sediment concentrations at one foot depth intervals and assuming a treatment 
zone of 64,000 ft^ Estiination of the PCE and TCE destruction using chloride ion concentration changes 
during the test will are plaimed. 

Table 9.1 Calculated Pre- and Post-Test DNAPL Mass and Destruction for die In Situ Oxidation 
Demonstration . 

Location 
Above 
GteenCIay 
Below 
Green Clay 

Pre-Test, lbs 
PCE 
528.53 

36.23 

TCE 
64.56 

13.07 

Total 
593.09 

49.30 

Post-Test, lbs 
PCE 
28.24 

26.96 

TCE 
7.95 

9.98 

Total 
36.19 

36.94 

Destracti(Hi 
PCE 
94.7% 

25.6% 

TCE 
87.7% 

23.6% 

Total 
93.9% 

24.5% 

PCE and TCE water concentrations in the monitoring wells were judged to not provide a representative 
measure of destruction. The basis for this being 1) groundwater will come into equilibrium with 
contaminants not destroyed; and 2) the zone is subject to migration of contaminated water from up 
gradient A graphical depiction of the total pounds of DNAPL by one foot intervals in the treatment zone 
is shown in Rgure 9.2. The location of the injection zone (5 ft injects scrisen lengths) and the location of 
the Green Qay is shown. The Green Clay acts as a semi-confining unit, which is indicated in part by the 
higher DNAPL mass and destruction efficiency above the Green Clay than below i t The semi-confining 
nature of the Green Clay is also supported by hydrologic and geologic data. A total destruction of all 
DNAPL was not achieved and can be attributed to the process not contacting all DNAPL globules in the 
fine grained sediments. Injected hydrogen peroxide will take the path of least resistance dirough areas of 
higher permeability, which in this case will be through sandy regions of the treatment zone. 
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Hgure 9.2 - Pre and Post Test DNAPL Mass for the In Situ Oxidation Demonstration 

Groundwater concentrations began rebotmding in the monitoring wells after treatment was con^leted. 
Rebound in the treatment zone can be attributed to groundwater coming into equilibrium with small 
DNAPL globules not treated. Some of the small DNAPL globides in die fine grained sediments were 
probably not contacted by the hydrogen peroxide and were therefore not oxidized. Concentration data 
from the tiuee morutoring wells is shown in Figure 9.3. Groundwater concentration in MOX-8 is 
rebounding faster dian MOX-5 and i and can be attributed to direction of groundwater flow in die area. 
Groundwater is flowing ^>proximately across the site fromi MOX-S to MOX-5 (see Hgure 5.1) at an 
estimated velodty of a few inches per day. DNAPL is expected to be in die subsurface between the 
treatment site and the M-Area Settling Basin, source of DNAPL contionuiation. Chloride ion 
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concentration increased significantiy during the injection process and then leveled off at a higho^ 
concentration than the baseline. Chloride ion is a product of the oxidation of PCE and TCE. Post-
treatment chloride concentrations in monitoring well MOX-5 are slightiy elevated conqpared to MOX-7 
and MOX-8 and can be attributed to groundwater flow from die treatment zone towwls MOX-5. A time 
history of the chloride concentration is shown in Hgure 9.4. 
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Hgure 9.4 - Chloride Ion Concentration for In Situ Oxidation Demonstration 

10.0 COST EVALUATION OF DEMONSTRATION 

This cost evaluation will examine the costs of this demonstration fiom two pCTspectives. Hrst the overall 
cost of the demonstration will be discussed in relationship to the influence of each component of the 
demonstration (i.e. drilling costs, chemicals, documentation). Second, cost on a per pound of DNAPL 
removed basis will be determined and compared to the cost per pound of DNAPL removed for the baseline 
system of pump and treat using air stripping. 

f 10.1 Overall Cost of Demonstration in Relationship to Sensitivity to eadi Component of 
Demonstration 

Demonstration activities were placed in one of six categories: site preparation, pre-test drilling and 
characterization, technology test, post-test drilling and characterization, demobflization, and 
documentation/project management Table 10.1 presents costs for each of these categories. 

I 

Table 10.1 Costs for In Situ Oxidation Using Fenton's Chemistry Demonstration Identified by Activity 
Category 

Activity Categories 
Sito Preparation 
Pre-test drilliiig and characterization 
Technology Test 
Post-test drilling and characterization 
Post-test demobilization 
Documentation and Project Management 
TOTAL 

Cost 
$ 60,422 
$150,738 
$183,539 
$ 49,477 
$ 6,934 
$ 60,005 
$511,115 

The majority of die costs are related to the technology test and die pre-test drilling and characterization. 
Table 10.2 provides a list of tasks for each activity category. In order to identify which tasks are sensitive 
to variations in site conditions, an imderstanding of each task is needed. Below the tasks are discussed in 
association widi tbdr respective activity categories. ' 
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Table 10.2 Costs for In Situ Oxidation Using Fenton's Chemistry Demonstration Identified by Task 

CATEGORY/TASK 
Site Preparation and 
Operation Activities 

Consbuct Secondary 
Containments 
Generator Rental 

Electrical Hookup 
Signs 

Tanks Setup 

1 Water Supply 

Qearing/Grubbing 
Pre-test Drillmg and 
Cliaracterization 

Drilling Subcontract 
Ovra^igbt and 
Sampling (provided 
byWSRQ 
Analysis 
Sampling Supplies 

Tecbn<doey Test 
Oversight 
Peroxide 
Operation 

COST 

$10,425 

$6,456 

$12,411 
$5,098 

$11,081 

$4,320 

$10,631 

$85,000 
$44,070 

$19,229 
$2,439 

$14,627 
$20,412 
$148,500 

CATEGORY/TASK 
Post-test Drilling and 
Characterization 

Drilling Subcontract 

OvCTsightand 
Sampling 
Analysis 

Post-test 
Demobilization 

Disconnect Electiical 
Hookups 
Tear down secondary 
containments 

. Remove generators 
Documentation and 
Project Management 

Documents 
Project Management 
(provided by WSRC) 

' 

COST 

$22,000, 

$20,888 

$6,589 

« 

$2,677 

$2,764 

$1,493 

$36,003 
$24,002 

I 
4 

f 

Tasks associated with site preparation are essentially constant Implementation of this technology 
does not require permanent infrastructure such as a permanent power source, permanent water and 
chemical tanks, etc. Temporary power is required for operation of die system. This is much less 
expensive for the short duration of operation, fypically less than 1 month and in many instances 1 to 2 
weeks. Also required is a constant supply of water for process, as well as emergency, puiposes. For 
remote sites where a distribution line with potable water is not available tanks for water storage are 
appropriate. For this demonstration, tanks were obtained from the material excess yard located at 
SRS; thus, not incurring additional costs to the project Use of existing tanks is acceptable, as long as 
they have been cleaned (rinsing the inside of the tanks and draining several times with potable water 
sh(Mild be sufficient). During the demonstration, ^proximately lOOO gallons of water per day was 
used for a 6 day period. 

Pre-test drilling and characterization costs will vary according to site characteristics. In the A/M-
Area, the core holes were drilled to total depths ranging fiom 144 ft bgs to 155 ft bgs. All pre-test 
holes woe con:q>leted as wells. The cost per well was approxunately $10,500 or $70/ft These costs 
include drilling, setting the well, aU well materials, well developmoit, and well finishing (posts and 
pads). Thus, depth to contamination will have a large effect on the cost of the drilling activities 

Sampling and analyses costs will vary linearly widi depdi to contamination. Most sarrqiling activities 
for this demonstration woe concentrated below the water table. This will be required regardless of i 
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overall depth. Because of die nature of DNAPL (thin ganglia below the water table), it is necessary to 
san^le at small intervals to identify discrete DNAPL zone(s). Preliminary characterization, which 
woidd lead to choosing this technology, should help to identify the approximate zone in whidi 
DNAPL would be present However, discrete sampling will be requhed to "pinpoint" the location for 
setting screen zones of injectors and for providing an accurate estimate of the quantify of DNAPL to 
be destioyed. 

• Closts for the technology treatment ($148,500) are the largest component of the treatment operation. 
The m^orify of these costs are labor and use of eqmpment Thus, they are based on duration of the 
worL Peroxide costs were $20,412 for 42,000 pounds of peroxide, use of an ISO tank capable of 
holding 45,000 pounds of peroxide, and a dosing unit for tiansfer from the tank to the Geo-Qeanse* 
process equipment Thus, peroxide costs are ̂ ^proximately $0.50/pound. For this demonstration, the 
treatment zone was a. circular area widi a 27 foot diameter and a depth of approximately 30 feet for a 
total volume of 68,702 f̂ . The controlling factor is die amount of contaminant present at the site. At 
the demonstration site, the estimated volume of DNAPL based on pre-test characterization is 
^proximately 600 pounds. The diird component of the technology costs is oversight These costs 
are d^>endent on duiation of treatment 

• Post-test drilling and characterization costs, as with pre-test characterization costs will be dependent 
on depth. For this demonstration three post-test holes were drilled to a total depth of 155 ft and 
samples collected from the water table to total depth. As stated above, sampling and analysis costs 
should vary linearly with depth. 

• Post-test demobilization costs are a small fraction of the entire project costs. They include removal of 
water tanks, discoimecting the power supply, removal of the generator, and disassembly of secondary 
contairunents. 

• Documentation and project management costs are ^proximately 12 percent of the demonstration, 
with 5 percent of total costs going to project management activities and 7 percent of total costs 
attributed to documentation activities. Documentation includes a test plan, all regulatory documents 
for drilling and underground injection, scopes of work for drilling snvices and other materials, and a 
test report documenting the residts of the demonstiation. 

After reviewing each specific activity, costs, and factors affecting costs, two iteihs stand out These are 
costs of drilling activities and cost of peroxide. Drilling costs are qiproximately $70/fl This includes 
drilling charges, well installation, well materials, and well completion charges. Peroxide costs 
$O.SO/pound. Peroxide usage is based on 42 pounds of peroxide per pound of DNAPL. Thus, die cost of 
peroxide per pound of DNAPL present is $21. For a small site (i.e. 2,000 pounds of DNAPL), peroxide 
costs will not be a significant portion of the entire remediation costs, less than 10%. For a large site (i.e. 
15,000 pounds of DNAPL), die peroxide costs can be a significant portion of the total remediation costs, 
20% and greater. Thus, depth to contamination and amount of DNAPL present will be driving factcHS in 
determining costs for use of this technology. 

10.2 Unit Cost of In Situ Oxidation Technology 

In an effort to determine the cost effectiveness of diis technology, a urut cost based on a pound of DNAPL 
treated or destroyed was determined and compared to die unit cost of die baseline tedinology. For A/M-
Aiea, the baseline technology is pump and treat using airstripping. The baseline cost is $87/pound 
DNAPL heated. Appendix C provides the basis for the baseline cost for the pump and treat system. 
DNAPL m A/M-Area is detected at^ve the Green Clay, located at an approximate depth of 155 ft below 
surface. For that depth, approximately 9,500 pounds of DNAPL must be present to have a unit cost for in 
situ oxidation equal to the baseline cost for pump and treat For DNAPL contamination at a depth of 
approxunately 60 ft below surftice, 6,500 pounds of DNAPL wUl yield die equivalent unit cost 
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In reviewing costs of each component of this demonstration, items which are essentially fixed costs were 
identified along with those vdiich are dependent on site conditions. Mobilization, site setup, 
demobilization, and document preparation were assumed to be fixed costs. Material^ and equipment 
mobilized for injection are indqiendent of site size. Size of die site will effect duration of opoation rather 
than sizing of equipment Dociunent preparation requires well construction approval forms and an 
Underground Injection Control Permit A test plan is also a valuable document to submit to die regulator 
^ e n d e s to provide information on why and how the work will be con^leted. For CERCLA sites, a 
Pnqxised Plan and Record of Decision would be required, but costs for these documents should be fixed. 

Site conditions affecting costs are pounds of DNAPL present and depth to contamination. Depdi to 
contamination in this context refers to the major volume of the plume and not the shallowest depth at 
which measurable concentrations are detected. Site conditions influence days of operating the treatment 
system, days for drilling, days for ovo^ight, and number of analyses. As depth to contamination 
increases, days of drilling and oversight and number of analyses will increase. As DNAPL contamination 
increases, days of operating the treatment system will increase. 

In order to calcidate a urut cost of treatment per pound of DNAPL destroyed, an equation was created 
based on activities required to conqilete remediation. The general equation is listed below with the 
detailed equation provided in Appendix D. Because this treatment technique is of a short duration, the 
operations equipment is portable. Thus no permanent structures nor longterm maintenance activities are 
included. 

Unit Cost = (Mobilization/Setup + Pre-test Characterization + Treatment System 
Operation + Peroxide + Demobilization + Document Preparation + 
Post-test Characterization + Project Man£^ement)/Pound of DNAPL 

Table 10.3 presents data used to determine the break even unit cost with the pump and treat unit cost 
This data is represented by Figures 10.1 and 10.2. These figures represent the same data. Hgure 10.1 
provides a complete look at the daita widi Hgure 10.2 showing die data near the break even point The 
break even point is dependent on depth to contamination, as seen in Hgures 10.1 and 10.2. This occurs at 
volumes ranging from 6,500 pounds to 9,500 pounds of DNAPL as depUi to contammation increases from 
60 ft to 155 ft, as seen in Hgure 10.2. Unit cost of in situ oxidation at sites with small volumes of 
DNAPL, less than 4000 pounds, is greater than $100/pound of DNAPL, as seen in Hgure 10.1. Unit costs 
escalate to greater than $700/pound of DNAPL for sites with £^proxunately 1000 pounds of DNAPL. The 
unit cost for pump and treat using airstripping is currentiy $87/pound of DNAPL (note that this is related 
to groimdwater concentration, and the unit cost wOl mcrease over time as the concentrations decrease). 

Unit costs for remediation technologies are often con^ared on a $/ft' of soil treated. The $/ft' of soil 
treated was calculated at the $/lb DNAPL breakeven point between in situ oxidation and pxanp and treat 
for the three depths evaluated. The calculation is presented in Appendix D. The uiut costs on a $/ft' basis 
are $8.84/ft', $9.95/ft' and $13.03/ft' for depdis of 60 ft, 100 ft and 155 ft to DNAPL contammation. 
respectively. 

i 
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Table 10.3 Unit Cost/Pound of DNAPL Destroyed for Implementation of In Sito Oxidation for 
Destruction of DNAPL as a Function of Depth to Contamination 

DNAPL qbs) 
500 

1.000 
2,000 
5,000 
6,000 
6,750 
7,500 
9,000 

10,000 
11,000 

UNIT COSTS ($/lb DNAPL) 
60 ft depth 

708 
365 
194 
105 
92 

78 
79 
73 
68 
65 

100 ft depth 
816 
419 
221 
116 
101 
92 

85 
78 
73 
69 

246 
126 
109 
99 
92 

ff 
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Rgure 10.1 Full Scale Representation of Unit Cost/Pound of DNAPL Destroyed for Implementation of In 
Situ Oxidation for Destruction of DNAPL as a function of depth to Contamination 
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Hgure 10.2 Unit Cost/Poimd of DNAPL Destroyed for Implementation of In Situ Oxidation for 
Destruction of DNAPL as a Ftmction of Depth to Contamination 

11.0 DISCUSSION OF RESULTS 

i 
During this dononstration qiproximately 600 pounds of DNAPL was destroyed in a six day operating 
p^od, leaving a residual of 40 pounds of DNAPL in die target zone, this is a 94% desUniction 
efficiency. In situ oxidation using Fenton's chemistry was the process evaluated during this 
demonstration. The cost of the demonstration was approximately $500,000. On a urut cost basis, this 
technology becomes cost conqietitive with pump and treat using ahstripping ($87/pound DNAPL) for a 
DNAPL pool of ^proximately 9,500 pounds at a deptii of 155 ft bgs. Depth is a nuijor contributor to the 
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overall costs •w ên this technology is en^loyed. For a DNAPL pool of volume V, as depth to the DNAPL 
pool increases the costs for remediation will increase. Thus, both the size of the DNAPL pool and the 
depth to the DNAPL pool must be considered in detramining when diis technology becomes cost 
competitive with pump and treat using airstripping. 

Other factors contributing to die decision to use this technology include duration of treatment volume of 
DNAPL, and end products of treatment Ninety-four percent of a 600 pound plume were destroyed in a 
six day period during this demonstration. Injection was in a circular area with radius 27 feet arid 
operation was approximately 6 hours per day using 4 injectors. Duration of op^ation is not a linear 
ftmction of volume of DNAPL. Factors effecting the duration ofthe treatment would include: other 
conqiounds which may be oxidized under similar conditions, geochemical makeup of treatment zone, and 
tightness of treatment zone (i.e., access to DNAPL), The site of die demonstration was not conqiletely 
saturated with DNAPL. In preparing the Test Plan, an estimated volume at this site (assuming a two foot 
zone had been fidly saturated) was 50,(X)0 pounds of DNAPL. The vendor, Geo-Cleanse International, 
Incestimated a 10 day duration for tieatment of the demonstration site with a 50,000 pound volume of 
DNAPL. The evaluation of unit costs, identified that depth to DNAPL is inversely related to volume of 
DNAPL in the treatment zone. However, at least 6,000 pounds of DNAPL is required at a site with the 
DNAPL pool at a depth of 60 feet to make this treatment cost competitive with puinp and treat systems. 
With this in mind, an appropriate site for using in situ oxidation would be die DNAPL source. 

The end products of in situ oxidation are very ^pealing. No waste is generated fiom the treatment 
process, and no material is brought to the surface. The end products of this process are carbon dioxide, 
water, and chloride ions. All of these compounds are considered innocuous materials. 

Additional questions were raised as the demonstration progressed and data was collected. Many of the 
questions concerned the geochemistry and microbiology in the treatment zone. Because in site oxidation 
is a very robust chemical reaction, a reasonable assumption is that most microbial activity was destroyed 
during the reaction. The type of microbial activity that will return to the area and to what extent is not 
known. We also saw the pH drop dramatically from an average pH of 5.7 before treatment to 2.4 at 
completion of treatment Post-test treatment has shown a very slow rebound of the groundwater pR 
Three months after conviction of the test, the groundwater pH remains at E^proximately 3.5. It is not 
known as to whether this is due to changes in the geochemistry. Work is proposed for FY98 to conduct 
additional post-test studies to answer these and other questions. 
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APPENDDCA 

RAW DATA AND SOIL CONCENTRATION DEPTH PROFILES FOR IN SITU OXIDATION 
DEMONSTRATION 
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Well and Boring Coordinates with Ground Surface Elevation 

ID 
MOX-1 
MOX-2 
MOX-3 
MOX-4 
MOX-5 
MOX-6 
MOX-7 
MOX-8 
MOX-10 
MOX-11 
MOX-9 
MOX-IV 
MOX-2V 
M0X-3V 
|MOX-4V 

Deiscription 
injector 
Injector 
Injector 
Injector 
Monitoring Well 
Monitoring Weil 
Monitoring Well 
Monitoring Well 
Post Test Boring 
Post Test Boring 
Post Test Boring 
Vadose Well 
Vadose Well 
Vadose Well 
Vadose Well 

SRS Site Coordinates , 
Northing 
102412.627 
102414.600 
102388.561 
102406.310 
102419.057 
102212.283 
102417.415 
102379.281 
102415.125 
102404.620 
102433.337 
102378.881 
102412.528 
102428.040 
102400.446 

Easting 
48268.202 
48237.618 
48251.611 
48252.180 
48227.797 
48830.626 
48277.433 
48250.906 
48248.511 
48271.597 
48212.418 
48265.261 
48215.546 
48272.590 
48263.701 

Elevation 
ft msl 

353.649 
35Z96C 
353.412 
353.109 
352.979 
355.52C 
354.392 
353.784 
352.917 
353.794 
353.557 
354.48d 
353.114J 
353.684 
353.753 

» 
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bample 

MOX0100 
IMOXOIOO 

MOX0101 
MOX0101 
MOX0102 
MOX0102 
MOX0103 
MOX0103 
MOX0104 
MOX0104 
MOX0105 
MOX0105 
MOX0106 
MOX0106 
MOX0107 
MOX0107 
MOX0108 
MOX0108 
MOX0109 
MOX0110 
MOX0110 
MOX0111 
MOX0111 
MOX0112 
MOX0112 
MOX0113 
MOX0113 
MOX0114 
MOX0114 
MOX0115 
MOX0115 
MOX0116 
MOX0117 
MOX0118 
MOX0119 
MOX0120 
MOX0121 

Depth 

117 
117 
119 
119 
121 
121 
123 
123 
125 
125 
127 
127 
128 
128 
129 
129 
130 
130 
131 
132 
132 
133 
133 
134 
134 
135 
135 
137 
137 
138 
138 
139 
140 
141 
142 
143 
144 

Elev. 
(msl) 

236.6 
236.6 
234.6 
234.6 
232.6 
232.6 
230.6 
230.6 
228.6 
228.6 
226.6 
226.6 
225.6 
P25.6 
224.6 
224.6 
223.6 
223.6 
222.6 
221.6 
221.6 
220.6 
220.6 
219.6 
219.6 
218.6 
218.6 
216.6 
216.6 
215.6 
215.6 
214.6 
213.6 
212.6 
211.6 
210.6 
209.6 

Soilwt 
(grams) 

4.17 
3.78 
3.97 
4.59 
3.68 
3.48 
3.75 
3.99 
3.61 
3.49 
3.97 
3.58 
4.41 
461 
3.78 
3.88 
3.55 
3.82 
3.94 
3.90 
3.91 
3.43 
3.87 
4.08 
3.68 
4.56 
4.49 
4.18 
3.27 
4.31 
3.66 
4.11 
3.93 
4.93 
4.39 
4.99 
3.73 

Aqueous Cone. 
(PPB) 

TCE 

0 
0 

0 
44 
0 

0 
2 
0 
5 
0 

309 
37 
168 
166 
263 
108 
350 
344 
179 
426 
583 

2562 
599 

4546 
819 
24 
0 

9863 
1398 

15113 
25196 
32015 
29548 
28989 
3424 

PCE 

0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
3 
0 

2461 
158 
364 
620 
747 
412 
1484 
3863 
703 

10444 
3285 

21711 
3547 

29109 
4768 

86 
17 

57121 
9029 

57043 
58949 
82110 
66929 
58187 
11404 

, Cone. 
(U£ 

TCE 

0.0008 
0.0000 
0.0000 
0.0000 
0.0905 
0.0000 
0.0000 
0.0000 
0.0090 
0.0000 
0.0172 
0.0000 
1.0522 
0.1111 
0.6649 
0.5992 
1.1103 
0.3959 
1.2458 
1.3231 
0.6423 
1.8622 
2-1100 
9.4181 
2.2800 
14.9531 
2.5544 
0.0861 
0.0000 
34.3270 
5.3514 

55.1564 
96.1668 
97.4099 
100.9605 
87.1402 
13.7710 

in Soil 
i/g) 
1 PCE 

0.0009 
0.0000 
0.0005 
0.0000 

t 0.0004 
0.0000 
0.0006 
0.0000 
0.0085 
0.0000 
0.0100 1 
0.0000 1 
8.3717 1 
0.4805 
1.4436 
2.2372 
a i577 
1.5122 
5.2761 
14.8591 
2.5177 

45.6716 
11.8901 
79.8210 
13.5028 
95.7525 1 
148737 
0.3077 
0.0709 

198.7972 
34.5603 

208.1865 
224.9973 
249.8272 
228.6853 
174.9121 
45.8599 

I 
4 

f 

Note: Soil concentrations have been con-ected by a multiplier of 2. 
Only corrected those below water table (124 ft below surface) i 
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Concentration Data for MOX-2 Soil Boring Samples 

WSRC-TR-97-00283 
September 19,1997 

Rev. 0 
PageA-4 

Sample 

MOX0200 
MOX0200 
MOX0201 
MOX0201 
MOX0202 
MOX0202 
MOX0203 
MOX0203 
MOX0204 
MOX0204 
MOX0205 
MOX0205 
MOX0206 
MOX0206 
MOX0207 
MOX0207 
MOX0208 
MOX0208 
MOX0209 
MOX0209 
MOX0210 
MOX0210 
MOX0211 
MOX0211 
MOX0212 
MOX0212 
MOX0213 
MOX0213 
MOX0214 
MOX0214 
MOX0215 
MOX0215 
MOX0216 
MOX0216 
MOX0217 
MOX0217 

Depth 

119 
119 
120 
120 
122 
122 
124 
124 
126 
126 
130 
130 
131 
131 
132 
132 
133 
133 
134 
134 
135 
135 
136 
136 
137 
137 
140 
140 
141 
141 
142 
142 
143 
143 
144 
144 

Elev. 
(msl) 

235.79 
235.79 
234.79 
234.79 
232.79 
232.79 
230.79 
230.79 
228.79 
228.79 
224.79 
224.79 
223.79 
223.79 
P99 7Q 

???,79 
221.79 
221.79 
220.79 
220.79 
219.79 
219.79 
218.79 
218.79 
217.79 
217.79 
214.79 
214.79 
213.79 
213.79 
212.79 
212.79 
211.79 
211.79 
210.79 
210.79 

Soilwt 
(grams) 

3.71 
4.01 
3.84 
4.44 
4.51 
4.55 
3.99 
4.03 
4.07 
3.42 
3.70 
3.46 
3.57 
3.31 
3.85 
3.70 
3.31 
3.68 
3.99 
3.67 
4.14 
3.65 
3.12 
3.52 
4.25 
3.31 
4.53 
3.41 
3.74 
3.19 
4.32 
3.45 
3.30 
3.98 
3.53 
2.70 

Aqueous Cone. , 
(PPB) 

TCE 

3 

60 

12 

0 
0 
3 
1 

71 
76 
97 
85 
115 

206 
2 

296 

846 
812 
414 
555 
661 
716 
263 
491 
300 
254 
5342 
3019 
3513 
3249 
306 

. 

PCE 

0 
42 
0 

0 
1 
0 
2 
1 

168 
169 
270 
214 
265 
402 
579 

1 
1085 
679 

3396 
4904 
2144 
3709 
3567 
4825 
440 
2034 
222 
89 

12479 
6618 
9466 
7968 
842 
463 

i. 
Cone. 

(ug 
TCE 

0.0061 
0.0000 
0.1175 
0.0000 
0.0206 
0.0000 
0.0012 
0.0009 
0.0096 
0.0040 
0.2885 
0.3307 
0.4070 
0.3840 
0.4478 

0.9318 
0.0089 
1.1113 

3.0660 
3.3365 
1.9912 
2.3647 
2.3312 
3.2426 
0.8717 
2.1618 
1.2032 
1.1929 
18.5470 
13.1245 
15.9696 
12.2455 
1.3011 

in Soil 
/g) 

PCE 

0.0000 
0.0004 
0.0818 
0.0005 
0.0000 
0.0005 
0.0020 
0.0009 
0.0090 
0.0028 
0.6818 
0.7345 
1.1348 
0.9715 
1.0306 
1.6315 
2.6243 
0.0030 
4.0773 
2.7748 
12.3051 
20.1527 
10.3065 
15.8066 
12.5905 
21.8657 
1.4571 
8.9463 
0.8884 
0.4191 

43.3310 
28.7730 
43.0255 
30.0309 
3.5765 
2.5738 

i Note: Soil concentrations have been corrected by a multiplier of 2. 
Only corrected those betow water table (124 ft below surface) 
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Concentration Data for MOX-3 Soil Boring Samples 

Sample 

MOX0300 
MOX0300 
MOX0301 
MOX0301 
MOX0302 
MOX0302 
MOX0303 
MOX0303 
MOX0304 
MOX0304 
MOX0305 
MOX0305 
MOX0306 
MOX0306 
MOX0307 
MOX0307 
MOX0308 
MOX0308 
MOX0309 
MOX0309 
MOX0310 
MOX0310 
MOX0311 
MOX0311 
MOX0312 
MOX0312 
MOX0313 
MOX0313 
MOX0314 
MOX0314 
MOX0315 
MOX0315 
MOX0316 
MOX0316 
MOX0317 
MOX0318 
MOX0318 

Depth 

117 
117 
119 
119 
121 
121 
123 
123 
125 
125 
127 
127 
129 
129 
131 
131 
132 
132 
133 
133 
134 
134 
135 
135 
136 
136 
139 
139 
140 
140 
141 
141 
142 
142 
143 
144 
144 

Elev. 
(msl) 

236.47 
236.47 
234.47 
234.47 
232.47 
232.47 
230.47 
230.47 
228.47 
228.47 
226.47 
226.47 
22447 
224.47 
222.47 
222.47 
221.47 
221.47 
220.47 
220.47 
219.47 
219.47 
218.47 
218.47 
217.47 
217.47 
214.47 
21447 
213.47 
213.47 
212.47 
212.47 
211.47 
211.47 
210.47 
209.47 
209.47 

Soilwt 
(grams) 

4.74 
4.74 
3.53 
4.26 
3.62 
4.15 
3.91 
3.82 
3.69 
3.67 
3.89 
3.46 
4.77 
4.08 
3.89 
3.34 
4.28 
4.14 
4.04 
2.83 
3.46 
3.68 
4.14 
4.09 
4.71 
3.44 
3.33 
429 
3.96 
3.85 
4.26 
2.81 
4.02 
3.72 
4.01 
416 
3.87 

Aqueous Cone. 
(PPB) 

TCE 

0 
0 
0 
0 
3 
2 
2 
1 
0 
0 
36 
2 
95 
33 

440 
177 
720 
323 
487 
203 
546 
377 
1707 
567 
2104 
879 

4237 
367 

2825 
5242 
2500 
4004 

179 
2056 
1178 

PCE 

0 

0 

0 

1 

0 

50 

285 
228 
1695 
757 
2306 
945 
1512 
577 
2366 
1848 
9985 
3123 
13030 
5892 
15654 
1356 

0 
6950 
13733 
6229 
8008 

70 
28 

3426 
1661 

Cone. 
(u£ 

TCE 

0.0006 
0.0005 
0.0006 
0.0008 
0.0056 
0.0044 
0.0033 
0.0021 
0.0013 
0.0010 
0.1373 
0.0106 
0.2993 
0.1210 
1.6959 
0.7944 
2.5249 
1.1714 
1.8065 
1.0747 
2.3675 
15364 
6.1853 
2.0784 
6.7014 
3.8347 
19.0861 
1.2828 

11.0074 
18.4590 
13.3478 
14.9421 

0.6704 
7.4139 
4.5667 

WSRC-TR-97-007>?3 
Sqitember 19,1997 

RevIO 
PageA-5 

in Soil 
i/g) 

PCE 

0.0008 
0.0000 
0.0006 
0.0000 
0.0005 
0.0000 
0.0025 
0.0000 
0.0020 

0.1944 

0.8959 
0.8394 
6.5363 
3.3983 
8.0825 
3.4225 
5.6155 
3.0604 
10.2580 
7.5314 
36.1765 
11.4530 
41.4977 
25.6927 
70.5113 
4.7413 
0.0006 
27.0787 
48.3551 
33.2517 
29.8822 
0.2840 
0.1043 
12.3539 
6.4375 

I 
4 

f 

Note: Soil concentrations have been corrected by a multiplier of 2. 
Only corrected those below water table (124 ft below surfece) i 
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Concentration Data for MOX-4 Soil Bormg Samples 

WSRC-TR-97-00283 
Sqitember 19,1997 

Rev.O 
PageA-6 

Sample 

MOX0400 
MOX0401 
MOX0401 
MOX0402 
MOX0402 
MOX0403 
|MOX0403 
MOX0404 
MOX0404 
MOX0405 
MOX0405 
MOX0406 
MOX0407 
MOX0407 
MOX0408 
MOX0408 
MOX0409 
MOX0410 
MOX0410 
MOX0411 
MOX0411 
MOX0412 
MOX0412 
MOX0413 
MOX0413 
MOX0414 
MOX0414 
MOX0415 
MOX0416 
MOX0416 
MOX0417 
MOX0417 
MOX0418 
MOX0418 
MOX0419 
MOX0419 
MOX0420 
MOX0421 
MOX0422 
MOX0423 

Depth 

88 
97 
97 
110 
110 
114 
114 
117 
117 
119 
119 
121 
128 
128 
130 
130 
132 
133 
133 
134 
134 
135 
135 
136 
136 

1 136.5 
136.5 
137 

137.5 
137.5 
138 
138 
139 

i 139 
1 140 

140 
1 141 

• 142 
143 

•144 

Elev. 
(msl) 

266.34 
257.34 
257.34 
244.34 
244.34 
240.34 
240.34 
237.34 
237.34 
235.34 
235.34 
233.34 
226.34 
226.34 
224.34 
224.34 
222.34 
221.34 
221.34 
220.34 
220.34 
219.34 
219.34 
218.34 
218.34 
217.84 
217.84 
217.34 
216.84 
216.84 
216.34 
216.34 
215.34 
215.34 
214.34 
214.34 

1 213.34 
212.34 
211.34 
210.34 

Soilwt 
(grams) 

3.78 
,4.25 

3.84 
3.07 
5.24 
3.71 
3.68 
2.08 
4.11 
3.94 
4.25 
4.85 
4.23 
4.18 
3.84 
3.63 
4.21 
3.96 
4.01 
3.91 
3.87 
4.22 
4.01 
3.86 
4.06 
410 
3.75 
4.37 
4.45 
3.85 
4.56 
4.15 
4.05 

' 4.21 
1 3.88 

4.48 
3.94 
3.79 
4.25 
3.25 

Aqueous Cone. 
(PPB) 

TCE 

0 
51 
28 
2 
0 
2 
0 
2 
G 
3 
0 
0 
7 
10 
10 
0 

43 
7 
10 

215 
357 
814 
708 
1130 
1224 

1 554 
588 
1117 
32 

715 
2971 
2491 
4139 

1 4072 
1 4323 

4122 
3072 
3279 

1 4630 
917 

PCE 

0 
25 
25 
0 
0 
1 
0 
0 
0 

• 

0 
0 
44 
45 
37 
0 

168 
53 
61 

1072 
1849 
4513 
3366 
6397 
7139 
2215 
3344 
6421 
166 

4388 
11465 
9425 
10790 
10504 
10595 
10362 

1 8309 
9472 
11896 
2042 

Cone, in Soil 
(ug/g) 

TCE 

0.0000 
0.0909 
0.0509 
0.0049 
0.0000 
0.0036 
0.0000 
0.0079 
0.0000 
0.0055 
0.0000 
0.0000 
0.0238 
0.0328 
0.0393 
0.0000 
0.1438 
0.0257 
0.0361 
0.8230 
1.2938 
2.8949 
2.4719 
4.3929 
4.2246 
2.0268 
2.1957 
3.5792 
0.1088 
2.6022 
9.7741 
8.4099 
15.3279 
13.5478 
16.7143 
12.8887 
11.6950 
12.9795 
16.3397 
4.2316 

PCE 1 

0.0000 
0.0447 
0.0458 
0.0004 
0.0000 
0.0019 
0.0000 
0.0003 
0.0000 
0.0000 
0.0000 
0.0000 
0.1577 
0.1509 
0.1431 
0.0000 
0.5581 
0.2005 
0.2143 
4.1128 
6.6947 
16.0411 
11.7603 
24.8594 1 
24.6311 
8.1041 
12.4941 
20.5808 
0.5602 
15.9669 
37.7154 
31.8134 
39.9628 

I 34.9500 
40.9595 
32.3998 

1 31.6320 
37.4896 
41.9851 
9.4224 
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Concentration Data for MOX-4 Soil Boring Samples (continued) 

WSRC-TR-97-00283 
September 19,1997 

Rev.O 
Page A-7 

Sample 

MOX0423 
MOX0424 
MOX0424 
MOX0425 
MOX0425 
MOX0426 
MOX0436 
MOX0426 
MOX0436 
MOX0427 
l\^X0428 
MOX0428 
MOX0429 
MOX0429 
MOX0430 
MOX0430 
MOX0431 
MOX0431 
MOX0432 
MOX0432 
MOX0433 
MOX0433 
MOX0434 
MOX0434 
MOX0435 

Depth 

144 
145 
145 
146 
146 
147 
147 
147 
148 
148 
149 
149 
150 
150 
151 
151 
152 
152 
153 
153 
154 
154 
155 
155 
156 

Elev. 
(msl) 

210.34 
209.34 
209.34 
208.34 
208.34 
207.34 
207.34 
207.34 
206.34 
206.34 
205.34 
205.34 
204.34 
204.34 
203.34 
203.34 
202.34 
202.34 
201.34 
201.34 
200.34 
200.34 
199.34 
199.34 
198.34 

Soilwt 
(grams) 

3.72 
3.68 
4.00 
4.49 
4.01 
3.65 
3.76 
3.58 
5.55 
4.70 
2.79 
3.26 
4.31 
3.96 
5.31 
4.36 
3.96 
5.11 
5.06 
3.62 
4.33 
4.45 
4.07 
4.50 
4.63 

Aqueot 
(P 

TCE 

830 
1504 
2308 
1594 
1037 
2555 
979 

2238 
1943 
2629 
1379 
1057 
7426 
6245 
7360 
6873 
3575 
6915 
6773 

0 
5983 
4907 
2555 
3910 
2731 

is Cone. 
PB) 

PCE 

1932 
3597 
6217 
5049 
3750 
8091 
2315 
7119 
4527 
9399 
5364 
4215 
18166 
15011 
15326 
14071 
6237 
14380 
14141 
10870 
12398 
9888 
5104 
8091 
6859 

Cone. In Soil 1 
(UQ/Q)^ 1 

TCE 

3.1243 
6.1297 
8.0835 
5.3262 
3.6210 
10.5011 
3.9046 
8.7577 
4.9044 
7.8345 
7.4166 
4.5435 
25.8439 
22.0934 
20.7923 
22.0826 
13.5402 
18.9545 
20.0778 
0.0000 

20.7256 
15.4451 
9.4166 
12.1714 
8.2626 

PCE 

7.2750 
14.6609 
21.7732 
16.8686 
13.1019 
33.2493 
9.2341 

27.8598 
11.4256 
28.0111 
28.8364 
18.1166 
fi3.?2?5 
53.1016 
43.2930 
45.2077 
23.6257 
39.4151 
41.9186 
42.0681 
42.9496 
31.1256 
18.8113 
25.1865 
20.7514 

I 

4 

Note: Soil concentrations have been corrected by a multiplier of 2. 
Only corrected those below water table (124 ft below surface) 

i 
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Ckincentration Data for MOX-5 Soil Boring Samples 

Sample 

MOX0517 
MOX0518 
MOX0519 
MOX0520 
MOX0521 
MOX0522 
MOX0523 
MOX0524 
MOX0525 
MOX0526 
MOX0527 
MOX0528 
MOX0529 
MOX0530 
MOX0531 

Depth 

130 
132 
134 
136 
138 
140 
142 
144 
146 
147 
148 
151 
152 
153 
154 

Elev. 
(msl) 

222.42 
220.42 
218.42 
216.42 
214.42 
212.42 
210.42 
208.42 
206.42 
205.42 
204.42 
201.42 
200.42 
199.42 
198.42 

Soilwt 
(grams) 

3.76 
3.43 
4.38 
3.63 
5.35 
4.01 
4.96 
4.01 
3.76 
2.88 
414 
412 
4.46 
4.04 
3.80 

Aqueous Cone. 
(PPB) \ 

TCE 

138 
8 
10 
0 

3592 
320 
1994 

0 
3023 

12 
10 
57 
644 
1546 
1559 

PCE 

411 
20 
10 
0 

12351 
921 

5004 
3569 
8350 

94 
69 

337 
3415 
9003 
7664 

WSRC-TR-97-00283 
SeptMnber 19,1997 

Rev.O 
Page A-8 

Cone, in Soil 
(ug/g) 

TCE 

0.5127 
0.0311 
0.0315 
0.0000 
9.4040 
1.1178 
5.6317 
0.0000 
11.2648 
0.0565 
0.0332 
0.1951 
2.0237 
5.3686 
5.7490 

PCE 

1.5300 
0.0815 
0.0313 
0.0000 
32.3361 
3.2159 
14.1320 
12.4683 
31.1124 
0.4550 
0.2345 
1.1454 
10.7261 
31.2187 
28.2537 

' 

I 

Note: Soil concentrations have been corrected by a multiplier of 2. 
Only corrected those below water table (124 ft below surface) 
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Concentration Data for MOX-6 Soil Boring Sanqiles 

WSRC-TR-97-00283 
S^tember 19,1997 

Rev. 0 
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Sample 

MOX0600 
MOX0601 
MOX0602 
MOX0603 
MOX0604 
MOX0604 
MOX0605 
MOX0605 
MOX0606 
MOX0606 
MOX0607 
MOX0608 
MOX0609 
MOX0610 
MOX0611 
MOX0612 
MOX0612 
MOX0613 
MOX0613 
MOX0614 
MOX0614 
MOX0615 
MOX0615 
MOX0620 
MOX0620 
MOX0619 
MOX0619 
MOX0616 
MOX0616 
MOX0617 
MOX0617 
MOX0618 

| M O X 0 6 1 8 

Depth 

10 
20 
30 
40 
50 
50 
60 
60 
70 
70 
80 
90 
94 
104 
110 
120 
120 
126 
126 
130 
130 
140 
140 
141 
141 

141.5 
141.5 
145 
145 
150 
150 
154 
154 

Elev. 
(msl) 

338.64 
328.64 
318.64 
308.64 
298.64 
298.64 
288.64 
288.64 
278.64 
278.64 
268.64 
258.64 
254.64 
244.64 
238.64 
228.64 
228.64 
222.64 
222.64 
218.64 
218.64 
208.64 
208.64 
207.64 
207.64 
207.14 
207.14 
203.64 
203.64 
198.64 
198.64 
19464 
194.64 

Soilwt 
(grams) 

3.59 
4.10 
4.88 
4.12 
4.23 
4.14 
3.68 
4.00 
3.82 
3.61 
4.32 
3.93 
3.16 
4.70 
4.47 
3.74 
3.68 
5.44 
5.41 
3.67 
4.20 
3.69 
4.09 
3.91 
6.28 
4.49 
4.13 
4.27 
4.63 
4.67 
3.94 
3.57 
3.80 

Aqueous Cone, 
(PPB) 

TCE 

0 
0 
0 
0 
1 
0 
13 
30 
2 
0 
11 

551 
10 
0 
0 
0 
0 

34 
33 
76 
82 
12 
13 
14 
45 
36 
30 
30 
39 
43 
32 
6 
10 

PCE 

0 
0 
0 
0 
10 
15 
76 
190 
8 
8 

54 
2515 

11 
23 
0 
0 
0 
2 
0 
0 
0 
4 
0 

24 
0 
5 
0 
3 
0 

89 
69 
3 
0 

Cone; 
(U£ 

TCE 

0.0000 
0.0000 
0.0000 
0.0000 
0.0024 
0.0000 
0.0272 
0.0527 
0.0037 
0.0000 
0.0181 
0.9817 
0.0215 
0.0000 
0.0000 

0.001312 
0 

0.0939 
0.0858 
0.3121 
0.2744 
0.0481 
0.0430 
0.0538 
0.1009 
0.1216 
0.1014 
0.1055 
0.1191 
0.1391 
0.1134 
0.0269 
0.0362 

in Soil 

PCE 

0.0000 
o.oooo| 
o.oooa 
o.oood 
0.0180 
0.0254 
0.1551 
0.3331 
0.0148 
0.0161 
0.0869 
4.4823 
0.0234 
0.0344 
o.oooq 

0.001797] 
0 

0.0045 
0.0000 
0.0010 
0.0000 
0.0154 
0.0000 
0.0902 
0.0000 
0.0183 
0.0000 
0.0113 
0.0000 
0.2866 
0.2451 
0.0120 
0.0000 

Note: Soli concentrations have been corrected by a multiplier of 2. 
Only eonrected those below water table (118 ft below surface) 

I 
4 

1 
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Concentration Data for MOX-7 Soil Boring Samples 

WSRC-TR-97-00283 
Septonha: 19.1997 

Rev. 0 
Page A-10 

Sample 

MOX0700 
MOX0700 
MOX0701 
MOX0701 
MOX0702 
MOX0702 
MOX0703 
MOX0704 
MOX0704 
MOX0705 
MOX0705 
MOX0706 
MOX0706 
MOX0707 
MOX0707 
MOX0708 
MOX0708 
MOX0709 
MOX0709 
MOX0710 
MOX0710 
MOX0711 
MOX0711 
MOX0712 
MOX0712 
MOX0713 
MOX0713 
MOX0715 
MOX0716 
MOX0716 
MOX0717 
MOX0717 
MOX0718 
MOX0718 
MOX0719 
MOX0719 
MOX0720 
MOX0720 
MOX0721 
MOX0721 
MOX0722 

Depth 

117 
117 
119 
119 
121 
121 
123 
125 
125 
127 
127 

127.5 
127.5 
128 
128 
129 
129 
130 
130 
131 
131 
132 
132 
133 
133 
134 
134 
135 
137 
137 
138 
138 
139 
139 
140 
140 
141 
141 
142 
142 
143 

Elev. 
(msl) 

237.34 
237.34 
235.34 
235.34 
233.34 
233.34 
231.34 
229.34 
229.34 
227.34 
227.34 
226.84 
226.84 
226.34 
226.34 
225.34 
225.34 
224.34 
224.34 
223.34 
223.34 
???34 
222.34 
221.34 
221.34 
220.34 
220.34 
219.34 
217.34 
217.34 
216.34 
216.34 
215.34 
215.34 
214.34 
214.34 
213.34 
213.34 
212.34 
212.34 
211.34 

Soil wt 
(grams) 

3.78 
3.66 
4.05 
4.16 
3.03 
3.41 
3.81 
4.57 
3.82 
4.17 
3.70 
4.28 
4.14 
4.21 
3.55 
4.08 
3.80 
3.91 
4.03 
3.70 
3.71 
3.70 
3.90 
3.60 
3.88 

.4.95 
4.34 
3.94 
4.29 
3.85 
4.45 
4.49 
4.43 
4.25 
3.80 
4.51 
4.30 
4.22 
3.83 
4.40 
5.10 

Aqueous Cone. , 
(PPB) 

TCE 

2 
0 
1 

0 
1 
3 
1 

56 
83 
2 
3 

221 
220 
376 
624 
570 
294 
226 
312 
342 
306 
443 
497 
509 
485 

2 
878 
690 

1254 
1318 
2196 
1969 
2795 
3108 
2807 
3140 
4213 
4681 
4106 

PCE 
f 

0 
0 
0 
0 
0 
0 
0 
2 
1 

132 
152 
10 
14 

830 
811 
1431 
2327 
2322 
1169 
946 
992 
1740 
1516 
2040 
2519 
2890 
2836 

19 
5038 
4317 
5557 
5706 
12195 
11151 
13444 
15689 
7282 
12977 
11052 
12759 
10054 

Cone, 
(ug 

TCE 

0.0000 
0.0043 
0.0009 
0.0013 
0.0000 
0.0000 
0.0012 
0.0094 
0.0028 
0.2024 
0.3380 
0.0085 
0.0098 
0.7862 
0.9310 
1.3831 
2.4638 
2.1881 
1,0929 
0.9151 
1.2628 
1.3845 
1.1751 
1.8444 
1.9228 
1.5435 
1.6769 
0.0076 
3.0701 
2.6865 
4.2259 
4.4017 
7.4367 
6.9479 
11.0339 
10.3362 
9.7927 
11.1609 
16.4989 
15.9593 
12.0778 

in Soil 
\f9) 

PCE 

0.0003 
0.0003 
0.0008 
0.0009 
0.0003 
0.0000 
0.0009 
0.0053 
0.0020 
0.4764 
0.6155 
0.0368 
0.0507 
2.9576 
3.4285 
5.2613 
9.1849 
8.9069 
4.3520 
3.8342 
4.0104 
7.0539 
5.8312 
8.4990 
9.7396 
8.7572 
9.8019 
0.0713 
17.6140 
16.8189 
18.7301 
19.0624 
41.2915 
39.3579 
53.0681 
52.1798 
25.4013 
46.1283 
43.2849 
43.4950 
29.5716 

4 0 0 3 1 8 



Concentration Data for MOX-7 Soil Boring Samples (continued) 

WSRC-TR-97-00283 
September 19,1997 

Rev.O 
Page A-11 

Sample 

MOX0722 
MOX0723 
MOX0723 

Depth 

143 
144 
144 

Elev. 
(msl) 

211.34 
210.34 
210.34 

Soil wt 
(prams) 

4.55 
3.82 
405 

Aqueous Cone. 
(PPB) 

TCE 

3677 
445 
2037 

PCE 

9574 
1165 
5215 

Cone, in Soil 1 
(uq/g) 1 

TCE 

12.1236 
1.7475 
7.5443 

PCE 

31.5611 
4.5730 
19.3133 

I 

4 

Note: Soil concentrations have been con-ected by a multiplier of 2. 
Only con-ected those below water table (124 ft below surface) 

i 
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Concentration Data for MOX-8 Soil Boring Samples 

Sample 

MOX0800 
MOX0800 
MOX0801 
MOX0801 
MOX0802 
MOX0802 
MOX0803 
MOX0803 
MOX0804 
MOX0804 
MOX0805 
MOX0805 
MOX0806 
MOX0806 
MOX0807 
MOX0807 
MOX0808 
MOX0808 
MOX0809 
MOX0809 
MOX0810 
MOX0810 
MOX0811 
MOX0811 
MOX0812 
MOX0812 
MOX0813 
MOX0813 
MOX0814 
MOX0814 
MOX0815 
MOX0815 
MOX0816 
MOX0816 
MOX0817 
MOX0817 
MOX0818 
MOX0818 
MOX0819 
MOX0820 
MOX0820 

Depth 

130 
130 
131 
131 
132 
132 
133 
133 
134 
134 
135 
135 
136 
136 
137 
137 
138 
138 
139 
139 
140 
140 
141 
141 
142 
142 
143 
143 
144 
144 
145 
145 
147 
147 
148 
148 
149 
149 
150 
151 
151 

Elev. 
(msl) 

223.69 
223.69 
222.69 
222.69 
221.69 
221.69 
220.69 
220.69 
219.69 
219.69 
218.69 
218.69 
217.69 
217.69 
216.69 
216.69 
215.69 
215.69 
21469 
214.69 
213.69 
213.69 
212.69 
212.69 
211.69 
211.69 
210.69 
210.69 
209.69 
209.69 
208.69 
208.69 
206.69 

L206.69 
205.69 
205.69 
204.69 
204.69 
203.69 

L202.69 
1 202.69 

Soilvrt 
(grams) 

4.50 
4.94 
3.63 
3.59 
3.65 
3.74 
4.45 
4.31 
3.85 
4.15 
3.47 
3.97 
4.39 
4.47 
3.70 
4.20 
3.59 
4.10 
3.26 
4.11 
4.74 
4.49 
3.50 
3.80 
3.87 
3.60 
3.67 
3.18 
4.11 
3.89 
4.73 
4.13 
4.67 
4.87 
4.39 
4.64 

I 4.34 
3.99 
3.80 
4.59 
4.55 

Aqueous Conp. 
(PPB) 

TCE 

11 

3 
1 
1 
2 
2 
1 
2 
3 • 

2 
1 
2 
8 
8 
1 
1 
8 
9 
82 
89 
105 
122 
162 
253 
217 
66 

274 
130 
318 
234 
3640 
3237 
3248 
2913 
3095 

1 644 
1151 
4927 
1861 

PCE 

29 
76 
0 
0 
1 . 
1 
2 

1 
1 
2 
2 
1 
1 
1 
8 
5 
2 
2 
22 
19 

272 
194 
433 
461 
555 
1066 
1018 
217 
1283 
376 
1706 
1123 
12019 
10228 
9717 
8487 
8002 

1 1465 
2141 
8949 
3875 

WSRC-TR-97-00283 
Septembw 19,1997 

Rev. 0 
PageA-12 

Cone, 
(us 

TCE 

0.0338 

0.0117 
0.0030 
0.0027 
0.0084 
0.0056 
0.0054 
0.0085 
0.0112 
0.0058 
0.0047 
0.0055 
0.0341 
0.0274 
0.0035 
0.0032 
0.0361 
0.0315 
0.2588 
0.2967 
0.4490 
0.4827 
0.6289 
1.0532 
0.8876 
0.3119 
1.0015 
0.4994 
1.0070 
0.8504 
11.6919 
9.9698 
11.0965 
9.4158 

I 10.6957 
2.4210 
4.5444 
16.1029 
6.1361 

in Soil 
I/g) 

PCE 

0.0977 
0.2296 
0.0013 
0.0004 
0.0028 
0.0020 
0.0070 
0.0050 
0.0038 
0.0062 
0.0108 
0.0043 
0.0049 
0.0045 
0.0312 
0.0187 
0.0080 
0.0064 
0.1032 
0.0710 
0.8599 
0.6478 
1.8573 

1 1.8196 
2.1513 
4.4400 
4.1591 
1.0258 
4.6836 
1.4490 
5.4116 
4.0799 
38.6042 
31.5031 
33.2012 

1 27.4378 
27.6554 H 
5.5071 1 
8.4503 

29.2451 
12.7758 

400320 
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Concentitition Data for MOX-8 Soil Boring Sany)les (contini 

Sample 

MOX0821 

MOX0821 

MOX0822 
MOX0822 

MOX0823 

MOX0823 

MOX0824 

MOX0824 

MOX0825 

MOX0825 

MOX0826 

MOX0826 
MOX0827 

MOX0827 

MOX0828 
MOX0828 

MOX0829 
MOX0829 

MOX0830 

MOX0830 

MOX0831 

MOX0831 
MOX0832 

MOX0832 

MOX0833 

MOX0833 

MOX0834 
MOX0834 

Depth 

152 
152 

153 
153 
154 

154 

155 

155 

156 

156 

157 

157 

158 

158 

159 
159 
160 

160 

161 

161 

162 

162 

163 

163 

164 

164 

165 

165 

Elev. 
(msl) 

201.69 
201.69 

200.69 
200.69 

199.69 
199.69 

198.69 
198.69 

197.69 

197.69 

196.69 

196.69 

195.69 

195.69 

194.69 
194.69 
193.69 

193.69 

192.69 

192.69 
191.69 

191.69 
190.69 

190.69 

189.69 

189.69 

188.69 

188.69 

Soi lwt 
(grams) 

415 
5.02 

5.24 
5.39 

4.04 

4.36 

3.82 
3.64 

3.62 

3.57 

4.00 

4.21 

4.01 
5.48 

4.36 

4.33 
4.28 
4.44 

4.57 

5.00 

5.23 

438 

5.19 

5.86 

4.01 
3.08 

3.99 

4.19 

Aqueoi 
(P 

TCE 

2086 

1595 
2082 

1285 

373 

128 

2515 
381 

1112 

304 

1038 

410 

13980 

7007 

10697 
6046 

3535 
1034 

12753 

6363 
11148 

4175 
17016 

1857 

7082 

0 

8855 

4563 

led) 

JS Cone. 
PB) , 

PCE 

2529 

1903 
4462 
2761 

883 
519 

12654 

2016 

3936 
764 

5023 

2029 

31597 

13786 

27260 
18886 

8298 

5967 

31477 

17015 
26495 

11769 
40899 

2396 

20556 

0 

21982 

13202 

WS 
Se 

C^nc. 
(U 

TCE 

7.5408 

4.7659 

5.9605 

3.5758 

1.3845 

0.4393 

9.8755 

1.5705 
4.6091 

1.2776 

3.8927 

1.4619 

52.2950 

19.1801 

36.8002 

20.9443 
12.3895 

3.4937 

41.8574 

19.0896 
31.9720 

14.2972 
49.1793 

4.7543 

26.4903 

0.0000 

33.2905 

16.3364 

RC-TR-97-oa 
ptember 19, IS 

Re\ 
Page A 

in Soil 
l/q) 

PCE 

9.1415 

5.6860 

12.7728 

7.6848 

3.2792 
1.7868 

49.6877 
8.3082 

16.3077 

3.2107 

18.8363 

7.2284 

118.1933 

37.7366 

93.7854 
65.4252 
29.0821 
20.1601 

103.3173 

51.0444 
75.9885 

40.3038 

118.2044 

6.1330 

76.8940 
0.0005 

82.6363 

47.2613 

>83 
>97 
^ 0 
-13 

Note: Soil concentrations have been connected by a muKipiier of 2. 
Only con-ected those below water table (124 ft below 
surface) 

I 

4 

i 
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Concentration Data for MOX-9 Soil Boring Samples 

WSRC-TR-97-00283 
Sq)tember 19,1997 

Rev.O 
PageA-14 

Sample • 

MOX0900 
MOX0900 DUP 
MOX0901 
MOX0901 DUP 
MOX0902 
MOX0902 DUP 
MOX0903 
MOX0903 DUP 
MOX0904 
MOX0904 DUP 
MOX0905 
MOX0905 DUP 
MOX0906 
MOX0906 DUP 
MOX0907 
MOX0907 DUP 
MOX0908 
MOX0908 DUP 
MOX0909 
MOX0909 DUP 
MOX0910 
MOX0910 DUP 
MOX0911 
MOX0911 DUP 
MOX0912 
MOX0912 DUP 
MOX0913 
MOX0913 DUP 
MOX0914 
MOX0914 DUP 
MOX0915 
MOX0915DUP 
MOX0916 
MOX0916DUP 
MOX0917DUP 
MOX0918DUP 
MOX0919 
MOX0919 DUP 
MOX0920 
MOX0920 DUP 
MOX0921 

Depth 

117 
117 
119 
119 
121 
121 
123 
123 
125 
125 
127 
127 
128 
128 
129 
129 
130 
130 
131 
131 
132 
132 
133 
133 
134 
134 
135 
135 
136 
136 
137 
137 

137.5 
137.5 

138 
139 
143 
143 

143.5 
143.5 

144 

Elev. 
(msl) 

237 
237 
235 
235 
233 
233 
231 . 
231 
229 
229 
227 
227 
226 
226 
225 
225 
224 
224 5 
223 
223 
??2 
222 
221 
221 
220 
220 
219 
219 
218 
218 
217 
217 

216.5 
216.5 
216 
215 
211 
211 

210.5 
210.5 
210 

Soil wt 
(grams) 

3.92 
3.8 

4.31 
3.67 
4.13 
3.97 
3.29 
3.01 

4 
2.96 

4 
4 2 

3.97 
422 
4.09 
3.61 
2.84 
3.45 

3.5 
3.44 
3.57 
3.85 
3.48 

• 3.41 
3.69 
3.71 
412 

3.9 
3.3 

4.24 
412 
4.06 
4.18 
3.91 
4.35 
3.93 
4.19 
4.38 
455 
5.02 
4.16 

Aqueous Cone. 
(PPB)' 

TCE 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
8 

76 
58 
97 
50 
92 
63 

123 
75 

252 
148 
292 
164 
631 
770 
554 
332 
253 
445 
403 
237 
340 
239 
117 
284 

1174 
1389 
1363 
1237 
1217 

PCE 

0 
0 

10 
0 
9 
0 
0 
0 
0 
0 

88 
88 

351 
242 
341 
152 
268 
154 
241 
131 
421 
182 
677 
353 

1888 
2475 
1329 
728 
530 

1218 
1004 
647 
962 
830 
285 

1409 
5521 
7240 
6686 
5647 
b//ti 

Cone, in Soil 1 
(ug/g) 1 

TCE 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0315 
0.0298 
0.2883 
0.2079 
0.3557 
0.2063 
0.4857 
0.2735 
0.5292 
0.3284 
1.0576 
0.5783 
1.2576 
0.7194 
2.5652 
3.1130 
2.0174 
1.2784 
1.1496 
1.5752 
1.4689 
0.8756 
1.2186 
0.9169 
0.4047 
1.0853 
4.2037 
4.7552 
4.4924 
3.6967 
4.3876 

PCE 

0.0002 
0.0000 
0.0182 
0.0000 
0.0167 
0.0000 
0.000C 
0.0003 
0.000C 
0.0005 
0.3317 
0.3132 
1.3244 
0.8593 
1.2512 
0.6303 
1.4162 
0.6705 
1.0346 
0.5703 
1.7690 
0.7076 
2.9176 
1.5540 
7.6754 

10.0076| 
4.8373 
2.8018 
2.4071 
4.3078 
3.6537 
2.3891 
3.4535 
3.1850 
0.9819 
5.3777 

19.7659 
24.7938 
22.0427 
16.8727 
20.8340 

400322 



Concentration Data for MOX-9 Soil Boring Samples (continued) 

WSRC-TR-97-00283 
September 19,1997 

Rev.O 
Page A-15 

Sample 

IMOX0921 DUP 
MOX0922 
MOX0922 DUP 
MOX0923 DUP 
MOX0924 
MOX0924 DUP 
MOX0925 
MOX0925 DUP 
MOX0926 
MOX0926 DUP 
MOX0927 
MOX0927 DUP 
MOX0928 
MOX0928 DUP 
MOX0929 
MOX0929 DUP 

Depth 

144 
145 
145 
146 
147 
147 
148 
148 
149 
149 
150 
150 
151 
151 
152 
152 

Elev. 
(msl) 
210 
209 
209 
208 
207 
207 
206 
206 
205 
205 
204 
204 
203 
203 
202 
202 

Soilwt 
(grams) 

4.21 
3.88 
4.33 
3.92 
3.89 
3.58 
3.87 
3.95 
3.76 
3.78 
3.57 
3.25 
3.45 
3.98 
4.24 
426 

Aqueous Cone. 
(PPB), 

TCE 

1316 
460 
642 

98 
65 
96 

350 
176 
243 
173 

1081 
573 
701 

1246 
2164 
1673 

PCE 

5349 
994 

1425 
149 
187 
200 

1025 
524 
761 
470 

4496 
2153 
2503 
5068 
8095 
6908 

\Conc.inSoil 
(uo/a) 1 

TCE 

4.6886 
1.7784 
2.2238 
0.3748 
0.2515 
0.4028 
1.3572 
0.6675 
0.9714 
0.6875 
4.5415 
2.6424 
3.0464 
4.6947 
7.6567 
5.8894 

PCE 

19.0593 
3.8432 
4.9349 
0.5704 
0.7199 
0.8385 
3.9725 
1.9901 
3.0364 
1.8658 

18.888£ 
9.9360 

10.8817 
19.099( 
28.6395 
24.325C 

Note: Soil concentrations have been con-ected by a multiplier of 2. 
Only corrected those below water table (124 ft below 
surface) 

I 
4 

I 
400323 



I 

i 

Concentration Data for MOX-10 Soii Boring San^iles 

Sample 

MOX1000 

MOX1000 DUP 
MOX1001 
MOX1001 DUP 

MOX1002 

MOX1002 DUP 

MOX1003 

MOX1003 DUP 

MOX1004 
MOX1004 DUP 

MOX1005 
MOX1005DUP 
MOX1006 

MOX1006 DUP 
MOX1007 

MOX1007 DUP 

MOX1008 
MOX1008 DUP 

MOX1009 
MOX1009 DUP 
MOX1010 

MOX1010 DUP. 
MOX1011 

MOX1011 DUP. 

MOX1012 
MOX1012 DUP 

MOX1013 

MOX1013 DUP. 

MOX1014 

MOX1014 DUP 

MOX1015 
MOX1015DUP 

MOX1016 
MOX1016DUP. 
MOX1017 
MOX1017DUP. 
MOX1018 

MOX1018DUP. 
MOX1019 
MOX1019DUP. 

MOX1020 

Depth 

117 

117 

118 
118 
119 

119 

120 

120 

121 

. 121 
; 122 

122 
123 

123 
124 

: 124 

125 
125 

126 
126 

127 
127 
128 

128 

129 
129 

130 

130 

131 
131 
136 

136 
137 

137 

138 
138 
139 
139 

140 
140 

141 

Elev. 
(msl) 

236 

236 

235 
235 
234 

234 

233 

233 

232 
232 

231 
231 
230 

230 
229 

229 

228 
228 

227 
227 

226 
226 

225 

225 

224 

224 

223 

223 

222 
222 

217 

217 
216 
216 

215 
215 
214 

214 
213 
213 

212 

Soilwt 
(grams) 

3.74 

3.42 

4.06 
3.92 
3.51 

4.07 

3.87 

3.73 

3.67 
4 

3.37 

3.42 
4.05 

3.83 

3.32 

2.8 

3.98 

3.44 

3.5 
3.33 
4.02 

3.98 
3.81 

3.42 

2.95 
3.57 

3.65 

3.75 

4.21 
3.75 

3.28 

3.33 
3.36 

3.19 

4.51 

4.16 
4.11 
3.87 

443 
4.11 

4.42 

• ' • 

Aqueous Cone. 
(PPB) 

TCE 

0 

0 

35 

0 
0 

0 

0 

0 

0 
0 

6 

0 
2 

3 
0 

1 

1 
0 

3 
2 

14 

19 
51 

12 

17 
13 

8 

13 

55 

10 
9 

4 

17 

4 

26 
0 

30 
18 

1256 
892 

2670 

PCE 

0 

0 

20 
0 

15 
0 

16 

0 

0 
0 
1 

0 

4 
5 
2 

4 

5 

1 
41 
19 

61 
62 

164 

17 

45 
18 

11 
9 

102 

9 
6 

6 
25 

11 
62 

0 
110 

50 

2944 
1908 

10185 
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Cone, 
(ug 

TCE 

0.0000 

0.0000 

0.0642 

0.0000 
0.0000 
0.0000 

0.0000 

0.0000 

0.0000 
0.0000 

0.0124 
0.0000 
0.0044 

0.0050 

0.0018 

0.0041 

0.0020 
0.0016 

0.0127 
0.0070 

0.0538 

0.0701 
0.1999 

0.0513 

0.0889 
0.0530 

0.0338 
0.0534 

0.1975 
0.0398 

0.0394 

0.0172 
0.0737 

0.0200 

0.0870 
0.0000 

0.1105 
0.0684 

4.2544 
3.2548 

9.0602 

in Soil 

/g) 

PCE 

0.0004 

0.0007 

0.0362 
0.0003 

0.0326 
0.0000 

0.0305 

O.OOO0 

O.OOO0 
0.0003 

0.0027 
0.0011 
0.0068 

0.0106 
0.0069 

0.0206 

0.0172 

0.0053 

0.1776 
0.0859 

0.2287 

0.2325 
0.6446 

0.0728 

0.2279 
0.0744 

0.0457 

0.0360 

0.3619 

0.0377 

0.0258 

0.025S 
0.1138 

0.0527 

0.2057 

0.000( 
0.4014 

0.1928 

9.9667| 
6.9653^ 

34.56441 
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Concentration Data for MOX-10 Soil Boring Samples (continued) 

Sample 

MOX1020 DUP. 
MOX1021 
MOX1021 DUP. 
MOX1022 
MOX1022 DUP. 
MOX1023 
MOX1023 DUP. 
MOX1024 
MOX1024 DUP. 
MOX1025 
MOX1025 DUP. 
MOX1026 
MOX1026 DUP, 
MOX1027 
MOX1027DUP. 
MOX1028 
MOX1028 DUP. 
MOX1029 DUP. 
MOX1030 
MOX1030 DUP. 
MOX1031 
MOX1031 DUP. 
MOX1032 
MOX1032 DUP. 

Depth 

141 
142 
142 
143 
143 
144 
144 
145 
145 
146 
146 
147 
147 
148 
148 
149 
149 
150 
151 
151 
152 
152 
153 
153 

Elev. 
(msl) 
212 
211 
211 
210 
210 
209 
209 
208 
208 
207 
207 
206 
206 
205 
205 
204 
204 
203 
202 
202 
201 
201 
200 
200 

Soilwt 
(grams) 

4.31 
4.13 
4.38 
4.65 
3.99 
4.01 
4.41 
4.55 
3.95 
3.79 
3.84 

3.7 
4.01 
3.44 
3.61 
3.36 
3.41 
3.72 
4.08 
3.78 
3.52 
3.72 
4.55 
4.52 

Aqueous Cone. 
(PPB) 

TCE 

2904 
2248 
1628 
1709 
284 

1308 
958 

1824 
1110 
458 
342 

1227 
1661 
2800 
553 
656 
547 
649 

1627 
1247 
1518 
742 

2329 
1999 

PCE 

7439 
8783 
2815 
6588 

342 
3375 
1240 
5046 
2287 
1133 
689 

5294 
3320 

10097 
912 

5121 
2643 
2018 
8208 
5872 
7013 
2598 
9226 
7657 
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Cone, in Soil B 
(uo/g) i 

TCE 

10.1053 
8.1659 
5.5767 
5.5125 
1.0669 
4.8930 
3.2583 
6.0140 
4.2137 
1.8131 
1.3355 
4.9741 
6.2125 

12.2079 
2.2983 
2.9302 
2.4047 
2.6155 
5.9811 
4.9473 
6.4685 
2.9900 
7.6766 
6.6325 

PCE 

25.8892 
31.9002 

9.639^ 
21.25041 

1.2851J 
12.6242| 
4.21848 

16.6350 
8.6851 
4.4823 
2.6895 

21.4603 
12.4177 
44.0267 

3.7877 
22.8617 
11.6269^ 

8.1367| 
30.1755| 
23.3034J 
29.8830| 
10.4758 
30.4164 
25.4094 

I 

4 

Note: Soil concentrations have been corrected by a multiplier of 2. 
Only corrected those below water table (124 ft below 
surface) 

4 
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Sample 

MOX01100 
MOX01100DUP 
MOX01101 
MOX01101 DUP 
MOX01102 
MOX01102DUP 
MOX01103 
MOX01103DUP 
MOX01104 
MOX01104DUP 
MOX01105 
MOX01105DUP 
MOX01106 
MOX01106DUP 
MOX01107 
MOX01107DUP 
MOX01108 
MOX01108DUP. 
MOX01109 
MOX01109DUP. 
MOX01110 
MOX01110DUP. 
MOX01111 
MOX01111 DUP. 
MOX01112 
MOX01112DUP. 
MOX01113 
MOX01113DUP.. 
MOX01114 
MOX01114DUP. 
MOX01115 
MOX01115DUP. 
MOX01116 
MOX01116DUP. 
MOX01117 
MOX01117DUP. 
MOX01118 
MOX01118DUP. 
MOX01119 
MOX01119DUP. 
MOX01120 

Depth 

117 
117 
118 
118 
119 
119 
121 
121 
122 
122 
123 
123 
124 
124 
125 
125 
126 
126 
127 
127 
128 
128 
129 
129 
130 
130 
131 
131 
132 
132 
133 
133 
134 
134 
135 
135 
136 
136 
137 
137 
138 

Elev. 
(msl) 

237 
237 
236 
236 
235 
235 -
233 
233 
232 
232 
231 
231 
230 
230 
229 
229 
228 
228 
227 
227 
226 
226 
225 
225 
224 
224 
223 
223 
222 
222 
221 
221 
220 
220 
219 
219 
218 
218 
217 
217 
216 

Soilwt 
(grams) 

4.45 
3.26 
3.67 

3.3 
3.93 
3.29 
4.33 
3.59 
3.36 
3.19 
3.02 
4.01 
3.07 
3.38 
3.49 
3.25 
3.27 
3.24 
3.24 
3.44 

3.4 
3.36 
3.75 
3.72 

3.7 
3.75 
2.36 
3.47 
3.31 
3.39 
3.19 
3.34 
3.56 
3.51 
3.84 
4.28 
3.11 
3.26 
3.36 
3.55 
3.95 

Aqueous Cone. 
(PPB) 

TCE. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
6 
3 

21 
11 
42 
21 

212 
121 
183 
52 

135 
48 

0 
179 
260 
121 
84 

PCE 

0 
0 
0 
1 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
1 

16 
6 

79 
38 

158 
46 

949 
514 
668 
107 
400 

81 
0 

736 
1157 
301 
229 

Cone, in Soil 1 
(ug/g) 1 

TCE 

0.0006 
0.0000 
0.0000 
0.0000 
0.0005 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0043 
0.0000 
0.0000 
0.0000 
0.0012 
0.0018 
0.0260 
0.0102 
0.1364 
0.0496 
0.1895 
0.0929 
0.9966 
0.5416 
0.7706 
0.2240 
0.5261 
0.1668 
0.0000 
0.8221 
1.1615 
0.5123 
0.3194 

PCE 1 

0.0006 
0.0007 
0.0008 
0.0012 
0.0015 
0.0003 
0.0003 
0.001 f 
0.0002 
0.0006 
0.0002 
0.0004 
0.0004! 
0.0009 
0.0005 
o.oooo| 
0.0006J 
0.0006 
0.0057 
0.0007 
0.002C 
0.0007 
0.0030 
0.0029 
0.0648 
0.0245 
0.5005 
0.1658 
0.7141 
0.2037 
4.4642 
2.3064 
2.8141 
0.4576 
1.5634 
0.2824 
0.0000 
3.3859 
5.1644 
1.2712 
0.8710 
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Concentration Data for MOX-11 Soil Boring Samples (continued) 

Sample 

MOX01120DUP. 
MOX01121 
MOX01121 DUP. 
MOX01122 
MOX01122DUP. 
MOX01123 
MOX01123DUP. 
MOX01124 
MOX01124DUP; 
MOX01125 
MOX01125DUP. 
MOX01126 
MOX01126DUP. 
MOX01127 
MOX01127DUP. 
MOX01128 
MOX01128DUP.. 
MOX01129 
MOX01129DUP. 
MOX01130 
MOX01130DUP. 
MOX01131 
MOX01131 DUP. 
MOX01132 
MOX01132DUP. 
MOX01133 
MOX01133DUP. 
MOX01134 
MOX01134DUP. 
MOX01135 
MOX01135DUP. 
MOX01136 
MOX01136DUP. 

Depth 

138 
141 
141 
142 
142 
143 
143 
144 
144 
145 
145 
146 
146 
147 
147 
148 
148 
149 
149 
150 
150 
151 
151 
152 
152 
153 
153 
154 
154 
155 
155 
156 
156 

Elev. 
(msl) 
216 
213 
213 
212 
212 
211 
211 
210 
210 
209 
209 . 
208 
208 
207 
207 
206 
206 
205 
205 
204 
204 
203 
203 
202 
202 
201 
201 
200 
200 
199 
199 
198 
198 

Soilwt 
(grams) 

4.13 
3.27 
3.29 
4.2 

3.52 
3.34 
3.45 
3.99 
5.06 
4.33 
3.73 
3.32 
3.43 
3.64 
3.52 
3.51 
3.27 

2.7 
2.44 
3.34 
3.15 
3.63 
3.44 
3.32 
3.47 
3.37 
3.28 
3.19 

3.3 
3.6 

3.01 
3.1 

3.08 

Aqueous Cone. 
(PPB) 

TCE 

85 
197 
260 
555 
221 
52 
30 
32 
32 

184 
69 

404 
212 
111 
83 

701 
422 
126 
72 

1578 
1298 
1678 
1221 
4005 
3418 
3254 
2809 
5237 
3407 
4506 
2825 

274 
1111 

PCE 

247 
275 
375 
845 
219 
130 
36 
74 
37 

287 
73 

958 
322 
383 
243 

1363 
434 
186 
91 

7850 
5957 
5628 
3046 

10418 
7184 
8347 
4160 

12837 
5922 

11455 
6387 
545 

2583 
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V Cone, 
(uc 

TCE 

0.3103 
0.9042 
1.1863 
1.9834 
0.9431 
0.2347 
0.1317 
0.1184 
0.0940 
0:6360 
0.2781 
1.8242 
0.9279 
0.4575 
0.3542 
29958 
1.9339 
0.6977 
0.4431 
7.0882 
6.1796 
6.9336 
5.3252 

18.0957 
14.7733 
14.4819 
128456 
24.6236 
15.4884 
18.7738 
14.0763 
1.3252 
5.4088 

in Soil 
I/g) 

PCE 

0.8988 
1.2632 
1.708C 
3.0196 
0.9336 
0.5839 
0.1585 
0.2786 
0.1098 
0.993: 
0.2918 
4.3281 
1.4077 
1.5792 
1.0346 
5.8248 
1,9929 
1.0328 
0.5589 

35.2550 
28.3678 
23.2543 
13.2810 
47.0699 
31.0545 
37.1522 
19.0244 
60.3606 
26.9184 
47.7305 
31.8273 

2.6366 
12.5804 

I 

4 

Note: Soil concentrations have been corrected by a multiplier of 2. 
Only corrected those below water table (124 ft below 
surface) 
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Sample 
Date 

03/01/97 
03/20/97 
04/15/97 
04/17/97 
04/18/97 
04/19/97 
04/21/97 
04/22/97 
04/25/97 
04/30/97 
05/07/97 
05/14/97 
05/21/97 
05/29/97 
06/04/97 
06/11/97 
06/25/97 
07/09/97 

MOX-5, mg/L' 
PCE 

142.52 
106.28 
98.11 
40.33 
47.41 
19.94 

0.35 
0.48 
1.84 
219 
1.74 
2.33 
4.67 
2.61 
8.71 

10.87 
11.99 

TCE 

27.84 
21.73 
19.84 
16.68 
15.81 

6.97 

0.01 
0.02 
0.17 
0.56 
0.47 
0.63 
1.42 
0.66 
2.93 
3.85 
4.46 

MOX-7, mg/L 
PCE 
151.19 
117.34 
101.13 
38.93 
18.46 
15.13 

0.00 
1.46 

13.88 
31.07 
32.04 
40.97 
42.05 
42.10 
53.20 
67.44 
52.99 

TCE 

24.81 
21.67 
17.07 
8.78 
4.28 
4.21 

0.00 
0.04 
2.82 
6.04 
7.30 
8.73 
9.24 
9.92 

11.78 
14.24 
12.24 

MOX-8, mg/L 
PCE 

159.71 
155.15 
76.57 
29.41 
18.43 
14.60 
0.01 
1.59 

13.32 
30.53 
46.15 
63.48 
78.42 
78.29 
77.95 
84.79 

108.16 
87.82 

TCE 

25.30 
23.18 
1416 

0.15 
4.01 
8.75 
8.79 

11.24 
12.28 
12.84 
13.47 

Monitoring Well Chloride and Nitrate Data 

Seunple 
Date 

4/3/97 
4/17/97 
4/18/97 
4/19/97 
4/21/97 
4/22/97 
4/25/97 
5/14/97 
5/21/97 
5/29/97 

6/4/97 

MOX-5i mg/L 
Chloride 

2.75 
5.56 
5.54 
9.57 

19.69 
18.54 
5.09 
5.57 
9.60 

10.36 

} Nitrate 

19.99 
48.50 
50.62 
65.67 

49.87 
41.46 
43.17 
36.41 
34.48 
30.90 

MOX-7, mg/L 
Chloride 

3.69 
5.20 

10.61 
7.67 

37.61 
23.02 

5.61 
7.64 
6.49 
5.67 

• ' - • ' ' ' = • 

Nitrate 

12.89 
28.47 
32.93 
38.14 

41.57 
32.31 
14.87 
14.36 
13.71 
13.39 

MOX-8, mg/L i 
Chloride 

4.40 
4.85 

31.30 
22.05 
16.29 
15.70 
9.67 
6.40 
9.16 
6.01 
7.76 

Nitrate 
19.85 
3210 
37.60 
32.76 
36.65 
3216 
30.71 
21.90 
20.99 
21.73 
20.89 
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Soil Concenti-ation Deptii Profiles for MOX-3 and MOX-4 Borings 

Pre Test 
MOX-3 

110 

120 
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Q. 
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Pretest 
MOX-4 

100 

I 
4 
I 
I 
I 
I 
I 
I 
I 

« 

I 
I 
I 
I 
I 
I 
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i Soil Concenti-ation Deptii Profiles for MOX-5 and MOX-7 Borings 

Pre Test 
MOX-5 
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Pretest 
MOX-7 

100 

I 
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Soil Concenti-ation Deptii Profiles for MOX-8 and MOX-9 Borings 

I Pre Test 
! MOX-8 
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Soil Concentiation Deptii Profiles for MOX-10 Borings 
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Calculation of DNAPL Volume in Treatment Zone 
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Definitions: 
Treatment zone area is circular with a radius, r, of 27 feet (824 cm) (distance from center injector to 

monitoring wells) 

Treatment zone total height, hr, is firom tlie top of the Green Clay to the water table: Height (hx) of 30 feet 
is based on aycrage depth of water table at 125 ft bgs. and average depth of Green Qay at 155 ft 
bgs. h, are the 1 foot (30.5 cm) increments from the Green Clay to tiie water table. 

•i' • ' . 
p = bulk soil density, in gm/cc = 2.1 gm/cc for soil at demonstration site 
Vi = Volume over the depth inierval i, in cubic centimeters (cc) 
C ^ = average concentration over the depth interval i, in p,g of contaminant per gram of soil 

I 
4 

30 30 

Total Volume in Jig = V T = S PV,*(CTCE«H + C K B ^ . ) = 
i=0 

Total Volume in pounds = Volume in [ig * 10' kg/|ig * 2.2 pounds/kg 

X p7Cr*hj*(Ctc8«ti + CpcE^i) 

1=0 

Calculation of DNAPL Destroyed 

DNAPL destroyed = VT. pce-wst " * T. post-test 
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APPENDIX B 

SAMPLING AND ANALYSIS METHODS 

f 
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Sediment Samples 

Once the ccM-e was brought to the smffice, a 2 cc plug sample was collected usmg a modified plastic 
syringe. The plug was ti-ansferred to a 22 ml vial containing S ml of nano-pure wata and the vial was 
sealed with a crimped s^tum top fcs- later head space analysis. Duplicate sanqiles VKxe collected at each 
depth and all samples were stored at 4°C until analysis. 

Each sanq>le was weighed and then analyzed on the HP 5890 Series gas chromatogr{q)h using an 
automated head space sarnpler for equivalent water concentrations. Mass soil concentrations (ppb, (ig/kg) 
were calculated based on an equal head space volume firom 7.5 ml of water standards and ^iproxiniately 
7.5 ml of water/soil matrix and were corrected for the mass difference between the soil and water. Tlie 
gas chromatograph was calibrated using certified solvent mixtures in inethanol diluted to specific 
concentrations. The standard concentrations used for each head space sample run were 3,5,10,50,250, 
500, and 1,000 ppb (jig/l). The samples were analyzed for Vinyl Chloride, Freon-11, Fteon-113,1,1-DCE, 
trans-DCE, cis-DCE, l,l,l-TCA,(Xl«, TCE, and PCE. 

Water Samples 

The Savaimah River Technology Center's technique used to sample and analyze water sanqiles for VOC 
content is a modified version of EPA Method 3810 and has been studied and used successfiilly at SRS 
since 1991. A water level measiirement was taken and minimum of 30 gallons of groundwater was 
purged from each well. Temperature and pH were measured using an electronic probe. 7.5 nd of 
groundwater was transferred fiom the well sample port to a 22 ml glass head space vial and the vial was 
sealed with a crimped Teflon-lined septum top for head space analysis. 40 ml plastic vials were filled for 
chloride ion analysis. Duplicate samples were collected at each well and all samples were stored at 4°C 
until analysis (maximum allowed storage time is 14 days). 

Each VOC sample was analyzed on a HP 5890 Soles H gas chromatogr^h (GC) using an automated 
head space sampler at 70°C for water contaminant concentrations. The GC is equipped with an electron 
capture detector (ECD) and flame ionization detector (FID) coimected in parallel. The GC column is a 
Supelco - VOCOL megabore borosilicate glass (60m x 0.75 inm ID x 1 3 micron film thickness) 
specifically developed for volatile priority pollutants (EPA Mediods 502,602, and 8240). The GC is 
calibrated Using certified isolvent mixtures in methanol diluted to specific concentrations and two reagent 
blanks. The standard concentrations used for each head space sample run were 3,5,10, 50,250,500, and 
1,000 ppb (fig/l). The samples were analyzed for Vinyl Chloride, Freon-11, Frepn-113,1,1-DCE, trans-
DCE, cis-DCE, 1,1,1-TCA, CCU, TCE, and PCE 

Groundwater samples were analyzed for nutrients using a Dioiiex QIC 2 ion chromatograph. A FAST 
ANION (P/N 39590,4x250mm) ion exchange colunm equipped with polymeric packing was used for 
separation of chloride, nitrite, nitrate, phosphate and sulfate. A conductivity detector measuring (iS was 
usecL The ions were eluted with a 200 mM NajCOj / 75 mM NaHCOj solution at a flow rate of 2 

mlAnin. 

Standards were prepared using solutions of sodium chloride, sodium nitrate, scxlium nitrite, potassiimi 
phosphate, and potassium sulfide. The standards were made at several different concentrations in order to 
generate an acceptable calibration curve. The calibration data was entraed into the Dionex AI450 
software package and configured to automatically calculate concentrations. The software was configured 
to automatically generate a report listing the component name, retention time, concentration in m g ^ area 
of response, and peak characteristics. 
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WSRC>-rR-97-002S3 
Department'of Energy Scjuember 19,1997 

. Savannah RiverOp«aaon3(}fflC8 Kev.o 
P.O. Box A ^ ^ 0 - 2 

./:• ADcen,South'Caroana 29802 , 

SEP 0 8-896 

' Kfr.-John L.Stede; Manager [ • . 
. Msnager, Focus Atiea Programs PqHOtiiKQt ' . .̂  . i 

Westii^house Savannah River Conqiaiiy 
P.O.B0X6I6 
Aiken, SO i29802 

". .DearMr;.Steele: ' 

. .SUBJECT: .: Cost SsyiDgs.^iafyses for Soil Vapor Extractiott (SVE). (U^^ " -

. . Aseoc^.in^^CQdeiitaaalyraS-i^fH^ sctiyi^'was 

. pafittined.b^id^ office as a lesiilt of tiienieetiiBg bdd oii-Ai^int'21 .between your staff*' 
and Teiiy Bmutan'oi nns office.'. . 

• • - - ' . ' . ' " ' . • > 

l U s aaa^S3,MpiK>rts your^c^^ for odn^oiiig die ttisf teciipdogy, S y ^ to dw cost'of 
.;l Ttinovn^tbci Kune jixaokiat oivAvtat with the bas^ne pantff ,9x1 treai iedbocip^ the M-

• :^-;l AirSt i^ ;^ . ' l l i i&.re^^ 
'f::\i<if^vinKsi^ : • . • ' . . • ' • . ' • > - • - • ' . . . " ' . ! . ' ' 

. ..:? Q]ieati(m^firanyod\or>wstaffn^ 

• •; ;-'.. ;. Sincer^, V-

.";.;.. Karen L: Hbcflcer, Director' 
. PiugiantManagftiwiiit and. 

1eM&iCD:T3B:afi ; ' ' - ' . ' • Cpdidiiu»ttonl5ivis»n ' 

OK 

a'HodcdpSK|SR£,.773-4IA 
i. Iwer^ WSBJC, T O ^ I A 
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Jutf30.l996 Sta'-FAP-96-0173 

To: 

Rom: 

I. L. Steele 

O.I.Eb(d(er 
J. W. Inert 

^ ^ 

ISHMAIXD COST SAVINGS 
SOIL VAK>SX]CIBACnON COMPAEED TO FUMP AMD TBEAT AND 

IN WELL VATOK STBIFFING COMPARED TO FDMP AND TREAT 

SUMMARY 
TUs documeiA detsik Fyi996 cost (avibes at&ibalable to SoQ Vapor Extiaction CM,3SO.OOÔ  
WdlViVwStEipiuag(C4ti2,000). Tliesenvings are derived by OHnpodog the new teduialogjr to the 
cost ofteinoyingtbeBmeanioontofcDbettirifbitebasdiiieimiiq) and tieat leduiOk^, the M>lab ~ 
ptjipfex. SoaVaiKvExtncik>n^VE)iemoves the solvBit fiom tbe vadose zanebeSire it basmigrited to 
the gnondwater and avoids ttie sreaier cost of laiKival by pmoq) and tieat &i WcU Vapor Stripfiiiig 
(^WVS) it beug qjplied in the'SooOiera Sector of the AAvI contandnant jdnrae to remove solvent fiom 
gnmndwater at knr solvent oonoeatiations «heie flie ecoaomie advaotaee of IWVS ornrFos^ aad Tteat 
ismostBgnificanL 

The cqdtal and O & M ooA esttmates were piovided t y the WSRC Site pRJect Cost Estimating 
Dqiaitnent Tedmical input and leviewwas provided by Boger White of SRTC and ty Chris Beigren 
and Kfidiad Battz of WSRCEB. 

DISCUSSION 
Soil Vqxv Extcaetioa 
Fonr Sol Vapor Kctiactton vnitt with catalytic eoddation were started iq> in A/M Area in Mar 199S. 
AltlMMigh this hmovative tedmology was anticipated io die 1993 Basdine its fint fidl year of opeiAion 
was conqdeted in April 1996. We are therefisesabaiitting the cost savings atlribiitAie to SVE lor dw 
FY1996 Award Fte Item. 

E is estimated that over ImilHonpooiids ofthe tolveotcontaniiiMint in the A ^ Area piumeieaains in 
Ihe-vadoseaoneirfiereitwilloonlimietorechaigethethegromKlwater. Removalrfthecontamimiiitfirom 
the soil is less expensive than removal fiom the giDaodwater. 

Exhibit I summarizes the fidl operating cost fbr removing 64,800 lbs of tohwat (S 18.90 per lb) with the 
SVE imits ihiisg the BMSt lecent 12 months; the fidl opeiating cost for removing 13,209 lbs of solvent 
9S6.49 per lb) extiacted by the M-1 air stripper fiir a rimOar period, and calcalates the resulting savings 
fbr the solvent extiacted by the SVE in this period, $4,380,000. 

ff 
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In WeUVqxir Stripping \ P a g e C . 4 
The scope fiir tlus p n ^ is det^led in "Sonthen Sector Vertical Rediculatiaii Wdls-Phases 2 and 3", 
G-TC-A4006. As a substitute for puny ahd treat remediatton, a line of 12 Vertical Rrnircnlation wells is 
being installed at the soDtbenmiost esdent of the A/M Area phune to terminate its fiother migration and to 
RtDove the eontamiaant fiom the idume as it moves past the line of wdls.'Eidiibit n summarizes the fun 
cost per ponnd of solvent removal by IW>^ (S74.94 per lb), the iM ĝnsted cost per p c ^ d of solvent 
lemoval far tfaeM-1 sti^iper operating in the low solvem ooocentiatiOB ofthe c o o t i ^ sector ($1210.86 
perlb),andtliecasts«vingsperpaundcfsolveaieniavedbytIieIWVS9ll3S.92i)erIb). TheresuUing 
FY1996 savjags estimate is $2.462,000. 

Exhibit m Is flie Jane ER sohicitt removal sumnory lepcrt fiom wliich tohnit removal rates were taken. 

Bidiii^ IV is the Estimale Detail Sheet for Coital and OftM cods for the M-1 Stopper, the Soa Vqxv 
EbdxactioiW and the In Wdl Vapor Stripping, Ihese calcalatioDs are finther st^parted in the fiHlowiag 
Exhibits. 

Cqiital Costs fcr the puny and treat operation were estimated fiom the fijUowingdommrnt by Stone and 
Webster (and approved by DOB),'Tnmp and Tteat ofOoatafflinatedGnandnater at USI30B Savannah . 
Bivcr&te^Aikai.SC, Jane 1994. Kdia]9tVisti>einfismatiainsed. Note that because the M-I stripper 
Is being modified to treat the c f l ^ a t a c b s t of $449.000 this aiBoant has been added to the final estimate 
fiv the M.1 stiipper capital cost 

Bxluirit VI is the final raiMtal'ntd amount for the SVE operation. 

Exhibit VH is the capital oast and other data pmvuled for tbe IWVS cost c$tiniat& 

ExhiJMtVin contains other misodianeous notes and data Aeets used m this estimate. 

• 

i 
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I 
4 

ANNUAL OPERATING COST FCXt FCXiR M AREA SVE UNITS: 
C^itaL. 
O&M-

..$260,000 I 

-$964,000 
Total $1,224,600 

SOLVENT REMOVED BY TliESE SVE UNITS. 695 THRU 5/96__„64,800 lbs 

SVE COSTPER POUND EXTRACnED: 
$1,224,609/64.800 DM - S1&90 

ANNUAL 0FERAT1N0 OOSTFC«.M-1 AIR STRIFHER: 

O&M-
-S172.S0O 
-$970,000 

Total. .$1,142,500 

SOLVENT REMOVED BY M-1AK SIEIPFER. S9S -tlOtU 4A6 13.209 lbs 

M-ICOSTPERPOUND EXTRACTED: • 
$1442,500/13209 lbs •> $86.49 

COST SAVINGS BY SVE: 
($86.49 - $1890) X 64.800 lbs - S67.S9 x 64.800 lbs » $4,379,832 

Rounding 168 
$4,380,000 

• 

i 
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EXHtBITII \PageC-6 
ESTIMATED COST SAVINGS 

INWELL VAPOR STRIPPING COMPARED WITH PUMP AND-TREAT 

ANNUAL OPERATING COST PCS. INWEU. VAPOR STRIPPINOawyS): ' 
Cvital $62,400 
O & M .$100,000 

Total $162,400 

ESTIMATED ANNUAL SOLVENTREMOVALFORIWVS:: 
0.0217 fits/hr X12 weUs X 24 hrsUqr X 365 dqfs/^mr X 0.9S availaUlity - 2167 Ss^rear 

COST PERPOEND OF SOLVENTBEMOVED BY IWVS: 
$162,400/2167 nis« $74.94 per lb 

COSTOFREKKIVING SOLVENT PROM THE IWVSPEEDSTREAMWTTH M-1 STRIFFER: 
FnmExhtbitltheopeiatingcbstQfM-l Striper. $S6.49perIb 
Concgfifration of Solvent in BfrlFicedstream'ii 7 ppm' 
Concentration cfSoheatinlWVS Peedstrcam is —.OJam 

Cost of Operating M-1 bi flie IWVS Fecdstream; 
(7 pj>m/0.5p]>m) z S8&49 - 1 4 X $86^49 - $1210.86 per tb 

ESTIMATED COST SAVINGS FOR TEE IWVS: 
($1210.86 - $74.94) x 2167 lbs - $1135.92 x 2167 » $2,461,534 

Rounding. . 466 
$2,462,000 

t 
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INTER-OFFICE MEMORANDUM NPage&s 
ENGINEERING & CONSTRUCnON SERVICES 
SrtE PROJECT ESTIMATING DEPARTMENT 

July 25. 1996 

L H O b m C 773-41A/253 

ICM. SIMPSG»tPnO-IB /114 

C B . JORDAN. 730-IB / 1066 

ECS-SPE-96-0327 
! 

COMFARATIVB COST FOR THE M-1 AIR STRIPPER. VALDOSE ZONE SOIL 
VAPOR EXTRACTION AND IN-WELL VAPOR STRIPPING (U) 

-EstiiiuitB Log No:96-06-07A aod 96.07-11 Estinnate Type: Comparative Cost 

Attached is the capital costs and operation aiid maintenance cost for ttte above listed 
treatment technologies.: 

COST BASIS: 
The cost arc based on previous life c^cle costs and other information supplied by the ER 
Group. 

ASSUMPTIONS; 
The costs are in'FY'96 Dollars. SRS Site mark-ups for subcontract work, construction 
management and piojectsuppoit are not included. 

MANAGEMENT RESERVE/ CONTINGENCY: 
No Management reserve or Contingency is included in tiie costs for this study. 

ESTIMATE CLOSURE: 
No response is required for this study. 

DDH 
cc: R.M. Simpson, 73()-IB/114 

J. W. I wert, 773-41 A/251 
Estimate File 
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AEOtflSBaGAO 

TBS 

BftRCeae 

EW2aiCBa2 

O t a 

BQIB9ZZ 

VSSMaaber 

OIQOl 

BxedAsstt 

933374 

A^otTida AiMA33(BA VADOSE ZOWKBaEMEMfl: 
OOSTTOHZlO 

S4,fi37^BJ)0 

CENTS BJMIHAXtaN 

BalUagMttba 

-5S25;7«(.04 

SaL9S COST 

TDSnED— 

a s C M e XSScsei^rftaa 

7S5 

720 u&cauacsarBtjaDMEMT 

C.768.46S.O0 

m,^6aJ0^ 

f 

Total 83^10,233 

V s h t s advisB ih« fioai « a « Cir Ibe m d : tadoU ia Ike ab9«e ailtedaaflati loTC beoa tenided and t l « y n ^ 

/X 
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14. 

13. 

WSRC-TR.-97-002g3 
Sqitember 19.1997 

Rev.O 
E X m B i r v n - ^fageC-W 

DATA FOR ESTIMATING COST SAVINGS OF VERTICAL Ri ;aRaiLATION WELLS 
(Provided by Roger Wliite, 7/16/96) 

Install 12^° dia) welb: 
12x170*° 2040 linear ftet • 
esdnate $17,000 per wdl C04.0OO 

Air Conqnessor. 30bp 
12x$2S.000ea S^.OOO . 

12xS10.000 gl20.000 

VaoDum System. IOI9 

12x$10,000 SI20.006 

ElectriEal Utilities: Rim 13.8 etc. S300.000 

Finisliing Materials for WeUs 
12xS4000 $48,000 
W d l F a d m 
UxSSOOO S96.000 

FVC Casing & Soeeas 
12x$5000 $60,000 

MbiuloringWells,8: 
8x$1200 $96,000 

VT^? ̂ ftCtffTi 73t ion 

12x$4000 $48,000 

InstaUation for above ground components: $50,000 

O&MCost 
Energy._assuffie 201ip continuous 
Inspection: 21usperday 
Maintmanre: $10,000 per jfcar 

: ER Exempt Labor 1/4FTB 

Fxoducfivitjr of wdls: 
0.0217 lbs solvent per boor per Tiell 
[This to be documented in formal calculation by SRTCl 
Estimated solvent ooooentratioa in Sonlhem Sector groundwater is 300 parts per bilfioa 

License t ea toEG&6 fi»r use of patents 

M-1 Stripper Feedsiream: (pcrMicbadBanz) 
Solvent concentration (1993 annual avenge): 

TCE 4.1ppm 
PCB 2.9Tiiim 
Total T.Oppm 

$128,000 

4 00350 
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Irl U i>n I99» U,l. ecparntnt a( Ciwiy 
PMiKT 1«»4Tl A't/H'l 4M imfftt 01 • Wt 5U, HVItIO* nM.M 

A-i/a-i All n u m t cuunwin . 
•• waiKi omn awHUM • itWL J •• 

im ttiuite 

HMuir MCI r 

twinon WIT an 

A CRMOVATf I AlIUtHEXI 
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A.tt.M N'l All wMiT i n m K neo-ii 
A.09.21 VAMtl tOM IKIML r m 

A.09.tt vAOOif t on uatiMi rroo-ta 

MouutMT u w t i n n r r i ' 

• ... ; ... 

tl,«00 
tTD.MO 
st.ioo 

T04.IO0 
21,400 

tro.eoo 
» , I M 
11,400 

470,(00 
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21,400 
470,100 
Jt,IOO 

704,100 
Jli52 470,W0 
n,ioo 
21,400 

470iMO 
M,2M 

23t,MO 

2,SM,000 2,SM,N0 

A.» AOP . ritCAl ffim IMS 

A.n.01 AOP • rilCAl TIAI \ W 

Ur • r iKAl TtAI 1905 

emnnnTii Asntwon 

0 emuKOUATci omATiom 

tU.M 

'as,iu 
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o.U.os 
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0.U.1I 

ii.i m i r p n 
N't in iPMs 
H-t m i p p u 
R-i n > » m 
O'l r i i P M l 
A-1 t w m t 
A-1 n i i m i 
A. i . t i i i rMi 

0.14,20 A'l ITIIPPtI 

' lltfT PTW 
• ner f T»7 
• I « T FTW 
• I M T fT9» 
' » « r r o e < 
WET r>v« 
l « f fY77 
ixn nvs 
IMTfTW 

22 23.00 Yl 

47.000 
0 
0 
0 
0 

23,000 
0 
0 
0 

42,ioe 
0 
0 
s 
0 

21,400 

S5»,ni 
i«t,2t1 
<2»,4«t 
M5,5II 

15,41),24] 
4ia,}70 
3«,40} 
409,275 
41»,»7J 

',4*1 5 

. «4t, 

42*. 
«4i,SII 

3«,40i 
4M,279 
4I»,»7S 

' 4 M t t t % S O e , 

47^141,00 
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A-i /a-t A l l i n i p p n OMUDWTU 
— H » u a t iuet SMMT • Livn } •• 

TIM tllKlOd 

lUnuiT ma I 

ouuniiTuaH (evtmrr mr/npp wtretT 

0.14.22 A-1 iniPMi .nat rT00.2i 
0.14.24 u m r r M 
o.u.2» u lAMi ne in r m 
0.14.21 El u m ixEXPT n»s 
o.t4.w ei lAwa n w i r m 
o.u.n u UMt earn rroo • 22 
0.14.34 M lAMt namxpr m t 
0.14.34 u lAMi matxnipr m s 
0.14.31 i l UIOI •OKXaPT m 9 
0.14.40 a lAIOI MMOINPT rTOO-ZI 
a. 14.31 PMCtll NODUICATlan 
O.U.SS H-i on -eu t iuni t i iT n i T n 

OPiiAtion 

auunvATti oKiAtiow 

A'l/N.l A l l t t l lPPI l OV 

a.oo n 

r4«uoo m 
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inMi .oo m 
4S7.00 m 
4S7.00m 
4«r .osn 

11201.00 n 

0 
U0,IS4 
»U.M9 
«1S,S09 
«1J30« 

u.tstew 
24,MP 
24)s«» 
24;»» 

Ii3,!3< 
HS,«» 
I44,W 

ir,Ul,21« 

t7,«M,2t» 

ia ,»4,Mt 

0 
0 
0 

3,350 

5,550 

5,550 

5,350 

>5,M? 

I3»,U» 

13»,HP 

139,U» 

w.aa.tni^<t*M)iB.m.sn 

0 
0 
0 
0 
0 
0 
0 
0 
0 

«*,35« 

20,524.403 

2«.524,4a 

33,531,553 

415,309 
A15J0? 
«15,]09 

14.152,099 
24,519 
24,519 
24,519 

545.534 
i n , w 9 
295.242 

47,555,54) 

47,555,(41 

• 434015.00 

(2.47 
(2.47 
(2.47 
12.47 
50.49 
50.49 
50.49 
50.(9 
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0 
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0 
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0.14.20 
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0 
0 
0 

• 0 
0 
0 

• •• 0 

0 
0 
0 
0 
0 

0 

0 

0 

0 
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( 0 
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0 
0 
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0 
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EquatitHi for Calculating Unit Cost for In Sitii Oxidation Technology 
9 

Unit Cost = (Mobilization/Setup + Pre-test Characterization -t- Treatment System Operation + 
Peroxide + Demobilization + Document Preparation + Post-test Characterization -«-
Project ManagementyPound of DNAPL 

Unit Cost = [mobilization and setup -i- (pre-test drilling + pre-test analysis + pre-test oversight) •»-
(operation oversight + operation) -i- peroxide.-f demobilization -t- document preparation -t- (post-test 
drilling + post-test analysis -i- post-test oversight)]/pound of DNAPL 

Total Cost = $60,(X)0 -i- (($70 per ft pre-test* ft pre-test) -•- ($15 per ft pre-test* ft pre-test) + ($2,800 per 
day pre-test * days of drilling pre-test)) + (($2,5i[X) per day * days operation) + ($15,000 pra day * days 
operation)) + ($21 per pound DNAPL * pounds DNAPL) + $10,000 -»- $40,000 + (($47 per ft post-test * ft 
post-test) + ($15 pCT ft post-test* ft post-test) + ($2,800 pa: day post-test * days of drilling post-test)) -i-
0.05* Total Cost 

Total Cost = [($60,000 + $10,000 -i- $40,000) + (($70 per ft pre-test -f $15 per ft pre-test)* 0.73 * total 
footage drilled) + ($2,800 per day * (days of pre-test drilling + days of post-test drilling)) + ($17,500 per 
day * days operation) -f ($21 per pound DNAPL * pounds DNAPL) -i- (($47 per ft post-test -i- $15 per ft 
post-test) * 0.27 * total footage drilied)l/0.95 

Total Cost = [$110,000 -K(($85 * 0.73) + ($62 * 0.27)) * total footage drilled) + ($2,800 * total days 
drilling) + ($17,500 * days operation) •»• ($21 per pound DNAPL • pounds DNAPL)l/0.95 

Total Cost = [$110,000 + ($78.8 * total footage; drilled) + ($2,800 * total days drilling) + ($17,500 * days 
operation)-I-($21 per pound DNAPL * pounds DNAPL)/0.95 

Unit Cost = Total Cost^ound of DNAPL 

I 

4 

Calculation of Unit Cost based on a $ ^ of soU treated. 

This was calculated based on the amount of DNAPL required at depdi X where an q)proxiiiiate cost of 
$87/pound of DNAPL treated was determined (See Table 10.3). 

The volume of soil to be treated is 64,(X)0 pounds (based on size of demonstratitHi site) 

For example: at 60 ft depth, 6,750 pounds of DNAPL is needed to yield a $84/pound of DNAPL tieated 
cost. ' 

Unit Cost ($/ft>) = Unit Cost ($^und DNAPL) * pounds of DNAFL/Volume of soil treated 

Unit Cost ($/&') = $84/pound DNAPL * 6750 pounds DNAPL/64,000 ft^ <rf SCMI 

Unit Cost ($«P) = $8.84/ft» 
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APPENDIX E 

GROUNDWATER CONCENTRATIONS 
OBTAINED FROM NASSAU COUNTY 

Page 1 of 19 

Location 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

• BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

BlO/6915 

Bll/6916 

Bll/6916 

Bll /6916 

Bll /6916 

Bll /6916 

Bll /6916 

Bll /6916 

Bll /6916 

Bll /6916 

Bll /6916 

Bll /6916 

Bll /6916 

Bll /6916 

Bll /6916 

CRA 6883 (18) 

Date 

13-Jan-97 

05-Feb-97 

05-Mar-97 

07-Apr-97 

20-May-97 

03-Jun-97 -

08-Jul-97 

05-Aug-97 

04-Sep-97 

09-Oct^97 

25-NOV-97 

03-Dec-97 

13-Jan-98 

lO-Feb-98 

03-Mar-98 

07-Apr-98 

12-May-98 . 

04-Jun-98 

08-Jul-98 

04-Aug-98 

03-Sep-98 

Ol-Oct-98 

23-NOV-98 

02-Dec-98 

05-Jan-99 

18-Feb-99 

16-Mar-99 

29-Apr-99 

19-May-99 

17-Jun-99 

19-Jul-99 

13-Jan-97 

05-Feb-97 

05-Mar-97 

07-Apr-97 

20-May-97 

03-Jun-97 

08-Jul-97 

05-Aug-97 

04-Sep-97 

09-Oct-97 

25-NOV-97 

03-Dec-97 

13-Jan-98 

lO-Feb-98 

Tetrachloroethene 

ftg/l 

0.5 U 

1.8 

0.5 U 

0.5 U . 

. ,0.5U . • 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

• 0.5 U 

^ 0.5:U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

: ' 0.5U 

0.5U ' . 

0.5 U 

0.5U 

0.5 U 

0.5U 

0.5 U . 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0:5U 

o.5y 
0.5 U 

0.5 U 

0.5 U 

Trichloroethene 

hg'L 

0.5 U 

7.8 

0.5 U 

0.9 

0.8 

1:1 

0.9 

1 

0.8 

0.7 

0.5 U 

0.8 . ; . 

1-2 

0.8 

0.6 

0.6 

• • 0 . 9 - . - : - • , : > ; • - • ; 

: * 0.6 

1 

0.7 

1 

1.7 

0.7 

0.5U 

0.5 U 

0.6 

0.8 

0.7 

0.5 

0.8 

1.2 

0.5 U 

0.5 U 

1.1 . 

0.7 

1.9 

0.5 

0.7 

0.8 

0.5U 

0.5 U 

0.5 U , , . 

0.5 U 

0.6 

0.6 

^ 

Vinyl Chloride 

fg/L 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

V 0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 x j ; ; 

_;,:;; 0.5 U I: 

- • • 0 3 \ J ' 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U • 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U" 

, 0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

; 0.5 U V 

0.5 U ; 

0.5 U 

0.5 U 

0.5 U 

I 
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APPENDIX E 

GROUNDWATER CONCENTRATIONS 
OBTAINED FROM NASSAU COUNTY 

r 

!: 
Location 

Bll /6916 

Bll /6916 

' 1 Bll /6916 

1' Bll /6916 

ji • Bll /6916 

Bll /6916 

, Bll /6916 

i Bll /6916 

j Bll /6916 

' Bll /6916 

Bll /6916 

Bll /6916 

Bll /6916 

Bll /6916 

!| Bll /6916 

ii Bll /6916 

Bll /6916 
|| j B6-1/3876 

1 B6-1/3876 

j B6-1/3876 

* B6-1/3876 

B6-1/3876 

i: B6-1/3876 

B6-1/3876 

: B6-1/3876 

|i B6-1/3876 

; .. B6-1/3876 

B6-1/3876 

:. B6-1/3876 

B6-1/3876 

B6-1/3876 

B6-1/3876 

1 B6-1/3876 

1 B6-1/3876 

B6-1/3876 

ji . B6-1/3876 

B6-1/3876 

1 B6-1/3876 

1 B6-1/3876 

B6-1/3876 

. j B6-1/3876 

B6-1/3876 

B6-1/3876 

B6-1/3876 

B6-1/3876 

'1 CRA 6883 (18) 
,11 

40,03 62 

Date 

03-Mar-98 

07-Apr-98 

i2-May.98 

04-Jun-98 

08-Jul-98 

04-Aug-98 

03-Sep-98 

Ol-Oct-98 

23-NOV-98 

02-Dec-98 

05-Jan-99 

18-Feb-99 

16-Mar-99 

30-Apr-99 

20-May-99 

. 17-Jun-99 

19-Jul-99 

16-Apr-97 

16-Apr-97 duplicate 

20-May-97 

30-Jun-97 

08-Jul-97 

05-Aug-97 

04-Sep-97 

09-Oct-97 

25-NOV-97 

03-Dec-97 

13-Jan-98 

lO-Feb-98 

03-Mar-98 

07-Apr-98 

12-May-98 

04-Jun-98 

08-Jul-98 

04-Aug-98 

03-Sep-98 

Ol-Oct-98 

23-NOV-98 

02-Dec-98 

05-Jan-99 

18-Feb-99 

16-Mar-99 

30-Apr-99 

20-May-99 

18-Jun-99 

Tetrachloroethene 

fglL 

0.5 U 

0.5 U • 

.:0:5:U : • ^ r 

0.5 U 

0.5 U 

0.5 U 

0.5U 

;0.5U 

'0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0 .5U; 

: 0.5U 

0.5 U 

0.5 U 

10 

12 

8.8 

11 

7.1 

6.9 

8.9 

7.2 

5.8 

6.4 

5.3 

4.7 

5.7 

7.1 

8.2 

8.7 

11 

7.1 

6.8 

6.6 

6.4 

5.8 

6.6 

5.4 

6 

6 

6.1 

5.9 

Trichloroethene 

fgIL 

0.6 

-:r: 0.7 " 

: - : - :0 .8- . ; 

0.8 

1.1 

1.1 

••;;' ' '-"l' '; ' 'V'i.3'•;-:::;•'.;-

• • 1-7 

" i;4 V\ '-̂  
1.2 

1.6 

0.5 U 

•'.: ' : \ l - 3 -• '•• 
, i - " ' : ' 1:1 ,•-/•;• ; : ; ' 

; '0-6' • ' ' '. '-•:.. 

0.6 

1-1 
260 

240 

260 

360 -._ 

310 

200 

260 

,290 

200 

. 210 

190 

170 

200 

200 

250 

270 

210 

210 

200 

,190 

190 

160 

220 

160 

190 

170 

150 ; V . 

; . , • ; . . , , \ ; 1 2 0 - / • • • ' : 

Vinyl Chloride 

fg'L 

i0.5U 

0.5 U 

o;5U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5U ;, 

; .0.5U . 

0.5U • 

0.5 U 

0.5 U 

0.5 U 

0.5U . 

o . 5 u : , • 

0.5 U 

0.5 U 

0.5 U 

0.5 U -

; -0;5u ' : : ' 

0.5 U-

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

o:5u 
0.5U 

0.5 U 

0.5 U 

: 0.5U 

0.5iJ -; '•• 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

^ 0.5U ' 

I 

4 

I 
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Location 

B6-1/3876 

B6-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

,86-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

B6-2/8941 

HlO-1/9463 

HI 0-1/9463 

HI 0-1/9463 

HlO-1/9463 

HlO-1/9463 

HI 0-1/9463 

HI 0-1/9463 

HlO-1/9463 

HI 0-1/9463 

HlO-1/9463 

Hll-1/10555 

HI 1-1/10555 

Hll-1/10555 

Hll-1/10555 

Hll-1/10555 

Hll-1/10555 

Hll-1/10555 

Date 

20-Jul-99 

16-Apr-97 

20-May-97 

03-Jun-97 

08-Jul-97 

05-Aug-97 

04-Sep-97 

09-Oct-97 

30-Oct-97 

25-NOV-97 

03-Dec-97 

16-Apr-98 

12-May-98 

04-Jun-98 

08-Jul-98 

04-Aug-98 

03-Sep-98 

Ol-Oct-98 

21-Oct-98 

23-NOV-98 

02-Dec-98 

05-Jan-99 

18-Feb-99 

16-Mar-99 

29-Apr-99 

20-May-99 

18-Jun-99 

20-Jul-99 

19-Mar-97 

05-Jun-97 

17-Sep-97 

ll-Dec-97 

16-Mar-98 

17-Jun-98 

22-Sep-98 

15-Dec-98 

19-Mar-99 

ll-Jun-99 

19-Mar-97 

05-Jun-97 

17-Sep-97 

15-Dec-97 

16-Mar-98 

17-Jun-98 

15-Dec-98 

Tetrachloroethene 

ngiL 

3 

0.5 U 

0.5 U-

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

13 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U • 

0.5 U • 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

trichloroethene 

HgIL 

81 

0.5 U 

0.5 U 

• 0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

1.8 

0.5 U 

0.5 U 

200 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0:5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

Vinyl Chloride 

f g ' l 

0.5 U 

0.5 U-

0.5 U 

0.5 U 

0.5U 

,0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

. 0.5U 

' 0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

' 0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

I 
CRA 6883 (18) 

400363 
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Location 

II 

j 
i 

Date 

Hll-1/10555 19-Mar-99 

Hl-4/7562 

Hl-4/7562 

Hl-4/7562 

1 JHl^/756: 
; Hl-4/7562 

|Hl-4/7562 

' JH1-4/7562 

1 ' H 1 - 4 / 7 5 6 2 

' Hl-4/7562 

HI-4/7562 

I Hl-4/7562 

j| Hl-4/7562 

Ii Hl-4/7562 

Hl-4/7562 

Hl-4/7562 

: Hl-4/756: 

: Hl-4/7562 

Hl-4/7562 

; Hl-4/7562 

Hl-4/7562 

Hl-4/7562 

; Hl-4/7562 

. Hl-4/7562 

Hl-4/7562 

1 Hl-4/756: 
j Hl-4/7562 

Hl-4/756: 

Hl-4/7562 

Hl-4/7562 

Hl-4/7562 

!' • Hl-4/756: 

' Hl-4/7562 

, Hl-6/948f 

Hl-6/948f 

Hl-6/948f 

22-Jah-97 

27-Feb-97 '"' 

24-Mar-97 

24-Apr-97 

29-May-97 

27-Jun-97 

,29-Jul-97 

26-Aug-97 

23-Sep-97 

28-Oct-97 

25-NOV-97 

19-Dec-97 

29-Jan-98 

26-Feb-98 

24-Mar-98 

29-Apr-98 

29-May-98 

24-Jun-98 

30-Jul-98 

28-Aug-98 

28-Aug-98 duplicate 

28-Sep-98 

27-Oct-98 

23-NOV-98 

22-Dec-98 

28-Jan-99 

25-Feb-99 

26-Mar-99 

29-Apr-99 

27-May-99 

24-Jun-99 

29-Jul-99 

! 22-Jan-97 

! 27-Feb-97 

i 24-Mar-97 

Hl-6/9488 24-Apr-97 

Hl-6/9488 29-May-97 

Hl-6/9488 27-Jun-97 

Hl-6/948f 

Hl-6/948f 

Hl-6/948f 

Hl-6/948f 

Hl-6/948f 

40( 

Hl-6/948f 
• 

CRA 6883 (18) 

)364 

i 29-Jul-97 

i 26-Aug-97 

i 23-Sep-97 

! 28-Oct-97 

i 25-NOV-97 

19-Dec-97 

Tetrachloroethene 

Hg'L 

0.5 U 

0.7 

,1.4 

1.8 

0.7 

1.5 

• \ . - l ; l - • • • • • • -

1.3 

•1.5-

1.4 

1.4 

0.5 U 

0.5'U 

• .:1.2-- ,, ; , . '^. 

1.2 

1.5 

1.6 

0.5 U 

2 

1.7 

2 . 

3 

1.9 

2.3 

1.9 

1.6 

1.7 

1.6 . 

1.8 

2.1 

2.6 

•2.9 

2 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

1.3 

Trichloroethene 

fg'L 

0.5U 

1.2 

• • ' 4 . 2 - ; 

4.4 

1.3 

4.6 

r ' r ' - • • • - 4 - ^ _ , 

- 3 - 6 . „ ' • • • • ' 

' ' • / • . •,:;4.4: 

4.3 

4.8 

0.5 U 

• , 1 4 • " / 

• ' • : / • ; • / - 3 . 9 . . • , ; • • ; 

• • ' : ' • • •=• ; 4 . 2 ' • , / - ; • • . - " , • . 

4 

4 . 7 

0 . 5 U 

5 .1 

3 .9 

5 . 1 • 

6 

4 . 9 

2 . 6 

2 . 8 

2 . 1 

2 . 7 

2 . 4 

3 

2 . 4 

1.5 

4 0 

4 . 8 

1 2 

1 7 

1 9 

1 3 

1 8 

1 5 

1 6 

1 7 

1 6 

7 . 3 

1 5 

4 . 1 

Vinyl Chloride 

fg/L 

0.5U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

, ' • 0.5U 

0.5 U-

0.5 U. 

0.5 U 

0.5 U 

0.5 U 

. ' •().5U 

' ,; • "0.5y ;, 

f v > : ; " i o . 5 . u ••:.'•••• 

0.5U 

0.5 U 

0.5 U 

: 0 3 V 

0 . 5 : U •• 

0.5 U 

0.5 U 

0.5 U 

0.5 U : 

0.5,U • 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 y 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

b.5U 

0.5 U 

I 
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I 

Location 

Hl-6/9488 

Hl-6/9488 

Hl-6/9488 

Hl-6/9488 

Hl-6/9488 

Hl-6/9488 

Hl-6/9488 

Hl-6/9488 

Hl-6/9488 

Hl-6/9488 

Hl-6/9488 

Hl-6/9488 

Hl-6/9488 

Hl-6/9488 

Hl-6/9488 

Hl-6/9488 

Hl-6/9488 

Hl-6/9488 

Hl-6/9488 

Hl-6/9488 

Hl-6/9488 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

H4-2/8526 

Date 

29-Jan-98 

26-Feb-98 

24-Mar-98 

29-Apr-98 

29-May-98 

24-Jun-98 

30-Jul-98 

28-Aug-98 

28-Aug-98 duplicate 

03-Sep-98 

28-Sep-98 

27-Oct-98 

23-NOV-98 

22-Dec-98 

28-Jan-99 

25-Feb-99 

26-Mar-99 

29-Apr-99 

27-May-99 

24-Jun-99 

29-Jul-99 

23-Jan-97 

20-Mar-97 

25-Mar-97 

27-May-97 

25-Jun-97 

28-Jul-97 

26-Aug-97 

18-Sep-97 

23-Oct-97 

24-NOV-97 

17-Dec-97 

29-Jan-98 

26-Feb-98 

17-Mar-98 

29-Apr-98 

23-Jun-98 

29-Jul-98 

27-Aug-98 

28-Sep-98 

27-Oct-98 

23-NOV-98 

16-Dec-98 

28-Jan-99 

25-Feb-99 

Tetrachloroethene 

HglL 

0.5 U 

0.5 U . 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.6 

0.5 U 

0.8 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0:5 U 

0.5 U 

0.5 U 

0.5 U 

0.8 

0.6 

0.5 U 

3.3 

1.4 

4.9 

5.4 

5.3 . 

6.8 

8.2 

7 

9.2 

9.5 

12 

11 

13 

15 

15 

15 

16 

14 

15 

13 

12 

Trichloroethene 

MgIL 

13 

14 

12 

12 

12 

13 

13 

15 

13 

16 

12 

11 

11 

9.3 

12 

8.2 

10 

5.9 

5.5 

3.1 

10 

18 

8 

7 

26 

7.2 

28 

30 

28 

27 

32 

27 

34 

37 

43 

39 

42 

44 

43 

38 

41 

37 

36 

42 

32 

Vinyl Chloride 

HgIL 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

" 0:5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

CRA 6883 (18) 

400365 
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4 

Location 

, H4-2/8526 

• , H4-2/8526 

H4-2/8526 

. H4-2/8526 

H4-2/8526 

H5-2/7561 

H5-2/7561 

H5-2/7561 

H5-2/7561 

H5-2/7561 

H5-2/7561 

H5-2/7561 

H5-2/7561 

H5-2/7561 

H5-2/7561 

f. H5-2/7561 

il H5-2/7561 

H5-2/7561 

H5-2/7561 

* H5-2/7561 

' H5-2/7561 

H5-2/7561 

H5-2/7561 

H5-2/7561 

H5-2/7561 

H5-2/7561 

H5-2/7561 

H5-2/7561 

i H5-2/7561 

i| H5-2/7561 

ii H5-2/7561 

; H5-2/7561 

H5-2/7561 

H5-2/7561 

H5-2/7561 

H5-2/7561 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

1 

i CRA 6883 (18) 

Date 

23-Mar-99 

29-Apr-99 

27-May-99 

23-Jun-99 

29-Jul-99 

23-Jan-97 

26-Feb-97 

24-Mar-97 

28-Apr-97 

28-May-97 

18-Jun-97 

28-Jul-97 

26-Aug-97 

18-Sep-97 

23-Oct-97 

24-NOV-97 

17-Dec-97 

29-Jan-98 

26-Feb-98 

23-Mar-98 

29-Apr-98 

26-May-98 

23-Jun-98 

30-Jul-98 

27-Aug-98 

28-Sep-98 

27-Oct-98 

23-NOV-98 

18-Dec-98 

27-Jan-99 

25-Feb-99 

24-Mar-99 

29-Apr-99 

27-May-99 

24-Jun-99 

29-Jul-99 

23-Jan-97 

26-Feb-97 

24-Mar-97 

28-Apr-97 

28-May-97 

18-Jun-97 

28-Jul-97 

26-Aug-97 

18-Sep-97 

Tetrachloroethene 

ItgIL 

0.5 U 

10 

12, 

13 

15 

4.1 

4 

6.2 

4.2 

6.6 

4.1 

5.7 

6.2 

4.3 

5.9 

5.8 

4.5 

5.5 

6 

7.3 

6.2 

7 

6.8 

6.9 

8.8 

8.4 

9.2 

8.6 

7.9 

7.8 

7.3 

8.5 

8.4 

9.1 

7.4 

6.6 

1.7 

5.9 

3.2 

2.5 

2.9 

2.2 

3 

, 3.2 

3 

-Trichloroethene 

Hg/L 

11 

27 

22 

22 

44 

55 

9.2 

- 81 

60 

79 

53 

72 

76 

49 

70 

68 

51 

64 

71 

81 

68 

76 

73 

66 

74 

65 

80 

81 

71 

93 

69 

87 

69 

54 

41 

49 

5.2 

77 

13 

6.4 

10 

4.9 

9.7 

11 

6.8 

Vinyl Chloride 

f*glL 

0.5 U 

0.5U • 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U ' 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

. 0.5 U 

0.5 U , 

0.5 U " 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U • 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 
i 

400366 
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Location 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H5-3/9212 

H6-1/3953 

H6-1/3953 

H6-1/3953 

H6-1/3953 

H6-2/3878 

H6-2/3878 

H6-2/3878 

H6-2/3878 

H6-2/3878 

H6-2/3878 

H6-2/3878 

H6-2/3878 

H6-2/3878 

H7-1/6190 

H7-1/6190 

H7-1/6190 

H7-1/6190 

H7-1/6190 

H7-1/6190 

H7-1/6190 

H7-1/6190 

H7-1/6190 

H8-1/6192 

Date 

23-Oct-97 

24-N0V-97 

17-Dec-97 

29-Jan-98 

26-Feb-98 

23-Mar-98 

29-Apr-98 

26-May-98 

23-Jun-98 

30-Jul-98 

27-Aug-98 

28-Sep-98 

27-Oct-98 

23-NOV-98 

18-Dec-98 

27-Jan-99 

25-Feb-99 

24-Mar-99 

29-Apr-99 

27-May-99 

24-Jun-99 

29-Jul-99 

20-Mar-97 

06-Jun-97 

22-Sep-97 

15-Dec-97 

20-Mar-97 

06-Jun-97 

23-Sep-97 

15-Dec-97 

17-Mar-98 

17-Jun-98 

22-Sep-98 

15-Dec-98 

ll-Jun-99 

25-Mar-97 

09-Jun-97 

22-Sep-97 

18-Dec-97 

27-Mar-98 

25-Jun-98 

28-Sep-98 

15-Dec-98 

28-Jun-99 

27-Feb-97 

Tetrachloroethene 

fg'L 

3 

3.8 

3.1 

3.7 

3:7 

5.1 

4.8 

4.6 

5.5 

6.4 

5.8 

6.9 

7.3 

6.3 

5 

6.8 

5.6 

6.4 

5.3 

7.8 

6.7, 

8.4 

• 0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U. 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

71 

Trichloroethene 

m'L 

8.6 

10 

7.9 

9.1 

11 

13 

11 

11 

12 

, 9 . 8 

12 

11 

15 

12 

10 

16 

11 

15 

8.4 

9 

5.8 

9.7 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5U 

0.5 U 

0.5 U 

1.6 

Vinyl Chloride 

fgIL 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U • 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

, 0.5U 

0.5 U 

0.5U . 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

CRA 6883 (18) 

400367 
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4 

1 
11 1 

Location 

H8-1/6192 

( H8-1/6192 

j H8-1/6192 

H8-1/6192 

H8-1/6192 

H8-1/6192 

: H8-1/6192 

' H8-1/6192 

H8-1/6192 

H8-1/6192 

H8-1/6192 

H8-1/6192 

H8-1/6192 

H8-1/6192 

H8-1/6192 

H8-1/6192 

H8-1/6192 

H8-1/6192 

H8-1/6192 

H8-1/6192 

• H8-1/6192 

H8-1/6192 

H8-1/6192 

H8-1/6192 

H8-1/6192 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H8-3/9180 

CRA 6883 (18) 

Date 

25-Mar-97 

22-Apr-97 

27-May-97 

25-Jun-97 

29-Jul-97 

27-Aug-97 

25-Feb-98 

ll-Mar-98 

26-Mar-98 

• 29-Apr-98 

29-May-98 

24-Jun-98 

30-Jul-98 

27-Aug-98 

28-Sep-98 

27-Oct-98 

23-NOV-98 

16-Dec-98 

27-Jan-99 

25-Feb-99 

25-Mar-99 

28-Apr-99 

27-May-99 

23-Jun-99 

29-Jul-99 

27-Feb-97 

25-Mar-97 

22-Apr-97 

27-May-97 

25-Jun-97 

29-Jul-97 

27-Aug-97 

23-Sep-97 

25-Feb-98 

26-Mar-98 

29-Apr-98 

29-May-98 

24-Jun-98 

28-Jul-98 

. 27-Aug-98 

28-Sep-98 

27-Oct-98 

23-NOV-98 

16-Dec-98 

27-Jan-99 

Tetrachloroethene 

fg'L 

110 

73 • 

110 

91 

100 

88 

,37 

42 

29 

52 

91 

81 

" 84 

72 

83 

91 

94 

90 

89 

82 

78 

57 

79 

84 

71, 

19 

25 

21 

26 

24 

22 , 

24 

6.8 

2 

1.1 

12 

18 

19 

19 

18 

19 

20 

18 

14 

15 

Trichloroethene 

fg'L 

2.6 

1.3 

2.5 

2 

2.4 

1.8 

0.5U 

0.6 

0.5U 

0.8 

0.9 

1.6 

1.9 

1 

3 

2 

2.3 

2 

1.6 

1.6 

1.7 

0.8 

1 

1.1 

° 1.7 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

.0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

Vinyl Chloride 

fg'L 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

.0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

,0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 
4 

400368 
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Location 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H8-3/9180 

H9-1/8778 

H9-1/8778 

H9-1/8778 

H9-1/8778 

H9-1/8778 

H9-1/8778 

H9-1/8778 

H9-1/8778 

H9-1/8778 

H9-2/8779 

H9-2/8779 

H9-2/8779 

H9-2/8779 

H9-2/8779 

H9-2/8779 

H9-2/8779 

H9-2/8779 

H9-2/8779 

H9-3/10208 

H9-3/10208 

H9-3/10208 

H9-3/10208 

H9-3/10208 

H9-3/10208 

H9-3/10208 

L5A/7076 

L5A/7076 

L5A/7076 

,L5A/7076 

L5A/7076 

L5A/7076 

L5A/7076 

L5A/7076 

L5A/7076 

L5A/7076 

L8A/7523 

L8A/7523 

L8A/7523 

L8A/7523 

Date 

25-Feb-99 

25-Mar-99 

28-Apr-99 

27-May-99 

23-Jun-99 

29-Jul-99 

19-Mar-97 

06-Jun-97 

15-Sep-97 

ll-Dec-97 

16-Mar-98 

22-Jun.98 

15-Sep-'98 

26-May-99 

13-Jul-99 

19-Mar-97 

06-Jun-97 

15-Sep-97 

ll-Dec-97 

16-Mar-98 

22-Jun-98 

15-Sep-98 

26-May-99 

13-JuI-99 

19-Mar-97 

ll-Dec-97 

16-Mar-98 

22-Jun-98 

15-Sep-98 

26-May-99 

13-Jul-99 

07-Mar-97 

16-Jun-97 

02-Sep-97 

02-Dec-97 

23-Mar-98 

05-Jun-98 

09-Sep-98 

08-Oct-98 

03-Mar-99 

17-Jun-99 

16-Jan-97 

16-Jun-97 

02-Sep-97 

Ol-Dec-97 

Tetrachloroethene 

fg'L 

1.7 

15 

13 

20 

,..17 

' 17 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U , 

0.5 U 

0.5 U 

0.5 U 

.0.5 u : 

. 0 ; 5 U • 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U . 

1 

0.5 U , 

0.5 U 

0.5 U 

0.5 U 

0.5 U ; 

0.5 U • 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

Trichloroethene 

fg'L 

0.5 U 

0.5 U 

0.5 U 

o.5y 
: : :0.5U 

, : 0.5 

0.5 U 

0.5 U 

0.5 

0.5 U 

0.5 U -

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

; 0.5 U; • 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

1 

.2 

0.5 U 

1.9 

3 

0.5 U 

d.5,U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5U : 

0.5 U 

, 0.5 U 

0.5 U 

0.5 U 

0.5 U 

Vinyl Chloride 

fg'L 

0.5 U 

0.5 U • 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

- 0.5 U • 

o.sy 
0.5U 

0.5 U 

0.5 U 

.0.5U 

0.5 U 

0.5U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U • 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U ; 

0.5 U -

0.5U 

0.5 U 

0.5 U 

0.5 U 

CRA 6883 (18) 

400369 
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t 
!• Location 

' L8A/7523 

i L8A/7523 

1 : L8A/7523 

1 
L8A/7523 

L8A/7523 

L8A/7523 

j N-10977 

N-10977 

N-10977 

i N-10977 

; N-10977 

j N-10977 

N-10977 

N-10977 

N-11067 

. Ii N-l 1067 

N-11067 

j N-11067 

il N-11067 

jj N-11457 

j N-11457 

N-11457 

N-11457 

N-11457 

N-11457 

ii N-11457 

ii N-11458 

1 . N-11458 

N-11458 

Ii N-11458 

ij N-11458 

N-11458 

i N-11458 

1 N-11633 

S N-11633 

i N-11633 

N-11633 

ll N-11633 

N-11722 

N-11722 

N-11722 

N-11722 

il N-11722 

II N-11723 

1' N-11723 

i i ­
ii 
1 CRA 6883 (18) 

400370 

Date 

23-Mar-98 

05-Jun-98 

09-Sep-98 , 

08-Oct-98 

03-Mar-99 

17-Jun-99 

15-Jul-88 

14-Jul-89 

02-Jan-91 

27-Dec-91 

16-Oct-92 

15-NOV-93 

18-May-95 

13-Jul-98 

18-Jul-88 

14-Jul-89 

27-Dec-90 

16-NOV-93 

19-NOV-96 

Ol-Nov-89 

07-Dec-90 

17-Dec-91 

06-Oct-92 

23-May-94 

24-Jul-95 

19-Feb-98 

16-Oct-89 

14-NOV-90 

22-NOV-91 

13-Oct-92 

24-Dec-93 

lO-May-95 

20-Feb-98 

28-Jun-91 

14-Oct-92 

21-Dec-93 

26-Jul-95 

29-Jan-98 

07-Jun-91 

27-Aug-92 

29-Sep-93 

24-Jul-95 

17-Jul-98 

07-Jun-91 

28-Aug-92 

Tetrachloroethene 

fg'L 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

O.IU 

0.1 U 

O.IU 

O.IU 

O.IU 

O.IU 

1.3 

l U 

O.IU 

O.IU 

O.IU 

O.IU , 

1 

O.IU 

O.IU 

0.1 u 

O.IU 

O.IU 

2.1 

O.IU 

O.IU 

O.IU, 

0.1 u 

0.1 u 

O.IU 

•2.8 

O.IU 

O.IU 

O.IU 

O.IU 

0.1 u 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

l U 

0.1 u . 

O.IU 

Trichloroethene 

fg'L 

0.5 U 

0.5U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

O.IU 

0.1 U 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

, l U 

O.IU ; 

O.IU 

O.IU 

O.IU 

O.IU 

b.iu 
O.IU 

O.IU 

0.1 u 

O.IU 

O.IU 

0.1 u 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

0.1 u 

O.IU 

0.1 u 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

l U 

O.IU 

O.IU 

Vinyl Chloride 

fg 'L 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

O.IU 

0.1 U 

O.IU 

O.IU 

0.1 U 

: i u 

0.1 u 

0.1 u 

O.IU • 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU • 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

0.1 U : 

O.IU 

O.IU 

O.IU 

O.IU 

l U 

O.IU 

O.IU 

i 
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H Location 

N-11723 

• N-11723 

• • N-11723 

N-n724 

^ N-11724 

• N-11724 

" N-11724 

N-n724 

1 N-n731 
• N-11731 

N-11731 

• N-11731 

1 N-n731 
N-U95 

^ N-1195 

I N-1195 
N-1195 

, N-1195 

( ^ N-1195 

I r N-1195 
N-1195 

• N-n97 
I N-1197 

N-1197 

m , N-n97 
• N-n97 

N-1197 

_ N-1197 

I N-U97 
• N-U97 

N-1197 

• N-n97 
m N-1197 

N-12250 

• N-12250 

1 N-l 7750 
N-1231 

^ N-1231 

I N-1231 
" N-1231 

N-1231 

1 N-1231 
I N-1231 
^ N-1231 

• N-1231 

CRA 6883 (18) 

u t 

Date 

29-Sep-93 

22-May-95 

20-Jan-99 

ll-Jun-91 

20-NOV-92 

29-NOV-93 

23-Aug-95 

05-Oct-98 

ll-Jun-91 

18-NOV-92 

29-NOV-93 

19-May-95 

15-Jul-98 

18-NOV-88 

08-Dec-89 

15-Oct-90 

25-NOV-91 

03-Oct-92 

27-Apr-93 

03-NOV-95 

03-Sep-98 

29-Jan-85 

27-Mar-85 

29-Jun-88 

08-Dec-89 

18-Apr-90 

08-Aug-91 

27-Jul-92 

06-Oct-93 

14-NOV-94 

16-Aug-96 

02-Jun-99 

30-Jun-99 

08-NOV-93 

31-Oct-95 

09-Sep-98 

24-Feb-86 

06-Sep-89 

26-Apr-90 

18-Jun-91 

30-Jul-92 

18-Oct-93 

14-Sep-94 

16-Aug-96 

25-NOV-98 

} i AlIN t U f K U M INASSA 

Tetrachloroethene 
fg'L 

O.IU 

. 2 

l U 

O.IU 

O.IU 

0.1 u 

O.IU 

l U 

O.IU 

O.IU 

O.IU 

0.7 

l U 

O.IU 

O.IU 

o i u 
O.IU 

O.IU 

O.IU 

O.IU 

l U 

6.3 

3.9 

10.1 

51.6 

332 

446 

111 

7.3 

15.5 

5.9 

9.2 

10.1 , 

O.IU 

O.IU 

l U 

5.3 

6.4 

8.9 

O.IU. . 

, 10.9 

,5.9 

10.3 

5.5 

18.3 , 

U l _ U U I N l Y 

Trichloroethene 

fg'L 

O.IU 

O.IU 

l U 

O.IU 

0.1 u 

0.1 u 

O.IU 

l U 

O.IU 

0.1 u 

O.IU 

O.IU 

l U 

O.IU 

O.IU 

O.IU 

O.IU 

0.1 u 

O.IU 

O.IU 

l U 

74.3 

31.5 

3 

2.8 

3.2 

9.8 

8 

4.3 

5.7 

O.IU 

2 

1.9 

0.1 U 

O.IU 

l U 

0.7 

O.IU 

0.5 

O.IU 

O.IU 

O.IU 

0.4 

O.IU 

l U 

Vinyl Chloride 

fg'L 

O.IU 

0.1 U 

l U 

O.IU 

O.IU 

O.IU 

O.IU 

l U 

O.IU 

O.IU 

O.IU 

O.IU 

l U 

O.IU 

0.1 u 

O.IU 

0.1 u 

O.IU 

l U 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

1.1 u 

• I . I U 

0.1 u 

O.IU 

l U 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

l U 

400371 



APPENDDC E 

GROUNDWATER CONCENTRATIONS 
OBTAINED FROM NASSAU COUNTY 

Page 12 of 19 I 
4 

|! 
•\ 

'! 

i: 

\ 

' 

; CRA 6883 (18) 

400372 

Location 

N-1232 

N-1232 

i N-1232 

N-1232 

N-1232 

N-1232 

N-1232 

N-1232 

N-12560 

N-12560 

N-12560 

N-12560 

N-12560 

N-12560 

N-12560 

N-12560 

N-12560 

N-12560 

N-12560 

N-4450 

N-4450 

N-4450 

N-4450 

N-4450 

N-4450 

N-4450 

N-4450 

N-4450 

N-4450 

N-4450 

N-5302 

N-5302 

N-5302 • 

N-5302 

N-5302 

N-5302 

N-5302 

N-5302 

N-5302 

N-5302 

N-5303 

N-5303 

N-5303 

N-5303 

N-5303 

Date 

18-Jul-88 

19-Jul-89 

30-Aug-90 

02-Aug-91 

07-Aug-92 

12-May-93 

27-Oct-95 

12-Jan-99 

07-Mar-97 

16-Jun-97 

02-Sep-97 

Ol-Dec-97 

23-Mar-98 

05-Jun-98 

09-Sep-98 

08-Oct-98 

22-Jan-99 

28-Jan-99 

04-Feb-99 

07-Mar-97 

16-Jun-97 

02-Sep-97 

02-Dec-97 

23-Mar-98 

05-Jun-98 

09-Sep-98 

08-Oct-98 

16-Oct-98 

03-Mar-99 

17-Jun-99 

07-Mar-97 

16-Jun-97 

02-Sep-97 

Ol-Dec-97 

23-Mar-98 

05-Jun-98 

09-Sep-98 

08-Oct-98 

03-Mar-99 

17-Jun-99 

07-Mar-97 

16-Jun-97 

02-Sep-97 

Ol-Dec-97 

23-Mar-98 

Tetrachloroethene 

fg'L 

0.1 U 

O.IU 

O.IU . 

O.IU 

O.IU 

O.IU 

:0.1U 

l U 

1 

2 

0.5 U 

2 

3 

, 2 • 

4 

3 

6 

5 

5 

0.5 U 

0.5 U 

0.5 U 

1 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

Trichloroethene 

fg'L 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

0.1 u 

l U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

, 0 . 5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5U , 

0.5 U 

Vinyl Chloride 

fg 'L 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

l U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U • 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 
i 
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Location 

N-5303 

N-5303 

N-5303 

N-5303 

N-5303 

N-5304 

N-5304 

N-5304 

N-5304 

N-5304 

N-5304 

N-5304 

N-5304 

N-5304 

N-8004 

N-8004 

N-8004 

N-8004 

N-8004 

N-8004 

N-8004 

N-8004 

N-8004 

N-8004 

N-8004 

N-8004 

N-8004 

N-8004 

N-8004 

N-8004 

N-8004 

N-8004 

N-8004 

N-8004 

N-8004 

N-8064 

N-8279 

N-8279 

N-8279 

N-8279 

N-8279 

N-8279 

N-8279 

N-8279 

N-8279 

CRA 6883 (18) 

Date 

05-Jun-98 

09-Sep-98 

08-Oct-98 

03-Mar-99 

17-Jun-99 

07-Mar-97 

16-Jun-97 

02-Sep-97 

Ol-Dec-97 

23-Mar-98 

05-Jun-98 

09-Sep-98 

Ol-Oct-98 

17-Jun-99 

07-NOV-97 

13-Jan-98 

26-Jan-98 

lO-Feb-98 

03-Mar-98 

07-Apr-98 

12-May-98 

04-Jun-98 

08-JuI-98 

04-Aug-98 

03-Sep-98 

Ol-Oct-98 

29-Oct-98 

23-NOV-98 

02-Dec-98 

05-Jan-99 

18-Feb-99 

16-Mar-99 

30-Apr-99 

19-May-99 

17-Jun-99 

19-Jul-99 

16-Jan-97 

16-Jun-97 

02-Sep-97 

Ol-Dec-97 

23-Mar-98 

05-Jun-98 

08-Sep-98 

08-Oct-98 

03-Mar-99 

Tetrachloroethene 

fg'L 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

. 0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U. 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U , 

0.5 U , 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U , 

0.5 U 

0.5 U 

0.5 U 

Trichloroethene 

fg'L 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U . 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U • 

0.5 U 

8.5 

13 

0.5 U 

0.7 

1.2 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

Vinyl Chloride 

fg'L 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U • 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U ' 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

400373 
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Location 

N-8279-

N-8321 

N-8321 

N-8321 

N-8321 

N-8321 

N-8321 

N-8321 

N-8321 

N-8321 

N-8321 

N-8550 

N-8550 

N-8550 

N-8550 

N-8550 

N-8550 

• , N-8550 

N-8550 

N-8767 

N-8767 

N-8767 

N-8767 

N-8767 

N-8767 

N-8767 

N-8767 

N-8767 

N-8767 

N-8767 

N-8768 

N-8768 

N-8768 

N-8768 

N-8768 

N-8768 

N-8768 

N-8768 

N-8768 

N-8768 

N-8768 

N-8888 

N-8888 

N-8888 

N-8888 

CRA 6883 (18) 

Date 

17-Jun-99 

16-Jan-97 

16-Jun-97 

02-Sep-97 

Ol-Dec-97 

23-Mar-98 

05-Jun-98 

17-Sep-98 

09-Oct-98 

03-Mar-99 

17-Jun-99 

16-Apr-87 

31-May-88 

21-Dec-89 

lO-Aug-92 

28-Oct-93 

15-Sep-94 

21-Jan-97 

07-Oct-98 

19-Feb-97 

15-Apr-97 

08-Jul-97 

08-Oct-97 

30-Apr-98 

08-Jul-98 

24-Jul-98 

Ol-Oct-98 

13-Jan-99 

14-Jun-99 

20-Jul-99 

19-Feb-97 

15-Apr-97 

08-Jul-97 

08-Oct-97 

30-Mar-98 

30-Apr-98 

08-Jul-98 

Ol-Oct-98 

13-Jan-99 

14-Jun-99 

20-Jul-99 

28-Jan-85 

02-NOV-89 

15-NOV-90 

26-NOV-91 

Tetrachloroethene 

fg'L 

0.5 U 

0.5 U • 

,0.5U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5U 

0.5 U 

0.5 U 

0.5 

O.IU 

0.1 U 

O.IU 

O.IU 

1.9 

O.IU 

1-9 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

4.8 

O.IU 

O.IU 

O.IU 

Trichloroethene 

fg'L 

0.5 U 

0.5 

1 

1 

1 

1 

1 

1 

1 

1 

2 

0.7 

0.5 

O.IU 

0.1 U 

O.IU 

1.5 

0.8 

2.1 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

6.6 

O.IU 

O.IU 

O.IU 

Vinyl Chloride 

fg'L 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

O.IU 

O.IU 

O.IU 

O.IU 

l U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

o;5U 

0.5 U 

0.5 U 

O.IU 

O.IU 
4 

400374 
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• Location 

N-8888 

m N-9079 

• N-9079 

N-9079 

_ N-9079 

• N-9079 

* N-9079 

N-9079 

fl N-9079 

1 N-9088 

N-9088 

• N-9088 

1 N-9088 
N-9088 

^ N-9088 

I N-9088 

N-9088 

N-9088 

^ ^ N-9088 

^ r N-9591 

N-9591 

• N-9591 

I N-9591 
N-9591 

m N-9591 

I N-9591 

N-9591 

_ N-9591 

I N-9591 

• N-9591 

N-9654 

• N-9654 

1 N-9654 
N-9654 

• N-9654 

1 N-9654 
N-9654 

_ N-9654 

1 N-9654 

" N-9654 

N-9654 

1 N-9661 

M N-9661 

9 N-9661 
• N-9661 

CRA 6883 (18) 

U t 

Date 

12-Aug-92 

lO-Jul-89 

07-Jun-90 

07-Aug-91 

27-Jul-92 

07-Oct-93 

14-Sep-94 

16-Aug-96 

03-Sep-98 

16-May-88 

19-Apr-89 

17-Jul-89 

09-Jan-90 

28-Jan-91 

14-Feb-92 

15-Jan-93 

29-Dec-94 

ll-Dec-96 

05-Jan-98 

19-Feb-97 

15-Apr-97 

08-Jul-97 

08-Oct-97 

13-Jan-98 

30-Apr-98 

08-Jul-98 

Ol-Oct-98 

23-Mar-99 

17-Jun-99 

20-Jul-99 

14-Apr-87 

13-May-88 

25-May-89 

09-Jan-90 

28-Jan-91 

14-Feb-92 

21-Jan-93 

29-Dec-94 

19-NOV-96 

06-May-99 

15-Jun-99 

ll-May-88 

06-Apr-89 

08-Jan-90 

24-Jan-91 

i 1 AlIN t U tKUJVl INA&SA 

Tetrachloroethene 

fg'L 

18.3 

O.IU 

O.IU • 

O.IU 

2 

O.IU 

2.6 

O.IU 

l U 

O.IU 

O.IU 

1:1 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

1.9 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

1.2 U 

1.2 U 

O.IU 

O.IU 

O.IU 

O.IU 

U L.UUIN1 Y 

Trichloroethene 

fg'L 

l U 

1.2 

2.7 

O.IU 

O.IU 

O.IU 

1.5 

0.1 U 

l U 

O.IU 

O.IU 

0.1 u 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 y 

0.5 U 

0.2 

O.IU 

O.IU 

0.1 U 

1 

O.IU 

O.IU 

O.IU 

O.IU 

1.7 U 

1.7 U 

O.IU 

O.IU 

O.IU 

O.IU 

-

Vinyl Chloride 

fg'L 

l U 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

l U 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

0.5 U , 

0.5 U • 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

0.5 U 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

1.1 U 

1.1 U 

O.IU 

400375 
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Ii 

1. 

(. 
i 

,' 

' 

!| 

\ 

,' 

'{ 

\\ CRA 6883 (18) 

400376 

Location 

N-9661 

N-9661 

N-9661 

N-9661 

N-9661 

N-9667 

N-9667 

N-9667 

N-9667 

N-9667 

N-9667 

N-9667 

N-9667 

N-9667 

N-9667 

N-9917 

N-9917 

N-9917 

N-9917 

N-9917 

N-9917 

N-9917 

N-9917 

N-9917 

N-9917 

N-9918 

N-9918 

N-9918 

N-9918 

N-9918 

N-9918 

N-9918 

N-9918 

N-9918 

N-9918 

N-9918 

N-9919 

N-9919 

N-9919 

N-9919 

N-9919 

N-9919 

N-9919 

N-9919 

N-9919 

^ 

1 
1 

i 

Date 

14-Feb-92 

21-Jan-93 
26-Jan-95 

20-NOV-96 

03-May-99 

17-May-88 

13-Jul-89 

22-Feb-90 

08-Apr-91 

27-Apr-92 

16-Feb-93 

17-Jan-95 
19-NOV-96 

24-Jul-98 
26-Jul-99 
29-Jan-85 
27-Mar-85 
09-Jun-88 
lO-Jul-89 
07-Jun-90 
15-Jul-91 
27-Jul-92 
06-Oct-93 

30-May-95 
lO-Sep-98 
14-Apr-87 
27-May-88 
lO-Jul-89 
19-Jun-90 
15-JuI-91 
27-Jul-92 
06-Oct-93 
15-Sep-94 
15-Aug-96 
24-May-99 
22-Jun-99 
27-Mar-85 
06-Feb-87 
31-May-88 
14-Dec-89 
13-NOV-90 

25-Jun-91 
lO-Aug-92 
28-Oct-93 
14-Sep-94 

Tetrachloroethene 

fg'L 

O.IU 
O.IU 
O.IU 
O.IU 
l U 

O.IU 
1.5 

O.IU 
1.1 

O.IU 
1.1 
0.5 

O.IU 

l U 

1.2 U 

1.5 

1.3 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

5.3 

l U 

2.9 

O.IU 

O.IU. 

O.IU 

O.IU 

O.IU 

O.IU 

1.2 

O.IU 

1.2 U 

1.2 U 

708 

258 

47.8 

48 

52.2 

O.IU 

20.9 

11.9 

25.2 

Trichloroethene 

fg'L 

o:iu 
O.IU 

O.IU 

O.IU 

l U 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

0.3 

O.IU 

O.IU 

l U 

1.7U 

1 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

•O.IU 

O.IU 

l U 

O.IU 

O.IU 

O.IU 

O.IU 

'0.1 U 

O.IU 

O.IU 

O.IU 

1.7U 

1.7 U 

5.7 

5.2 

3.3 

0.9 

O.IU 

O.IU 

O.IU 

0.1 U 

0.5 

- • 

Vinyl Chloride 

fg'L 

O.IU 
O.IU 
O.IU 
O.IU 
l U 

O.IU 
O.IU 

O.IU 
O.IU 
O.IU 
l U 

1.1 u 

O.IU 
O.IU ' 
O.IU 

O.IU 
l U 

O.IU 
O.IU 
O.IU 
O.IU 
O.IU 

1.1 u 
1.1 u 

O.IU 
O.IU 
O.IU 
O.IU 
O.IU 

i 



I 
APPENDIX E 

GROUNDWATER CONCENTRATIONS 
OBTAINED FROM NASSAU COUNTY 

Page 17 of 19 

• 

Location 

N-9919 

N-9919 

N-9919 

N-9920 

N-9920 

N-9920 

N-9920 

N-9920 

N-9920 

N-9920 

N-9920 

N-9921 

N-9921 

N-9921 

N-9921 

N-9921 

N-9921 

, N-9921 

N-9921 

N-9921 

N-9921 

N-9921 

N-9922 

N-9922 

N-9922 

N-9922 

N-9922 

N-9922 

N-9922 

N-9922 

N-9922 

N-9922 

N-9924 

N-9924 

N-9924 

N-9924 

N-9924 

N-9924 

N-9924 

N-9924 

N-9924 

N-9925 

N-9925 

N-9925 

N-9925 

CRA 6883 (18) 

Date 

16-Aug-96 

18-May-99 

22-Jun-99 

29-Jan-85 

14-JuI-88 

15-NOV-89 

03-Jan-91 

08-Dec-93 

14-Jun-95 

lO-Nov-95 

12-Jan-99 

26-Feb-86 

ll-Feb-87 

27-May-88 

06-Jul-89 

07-Jun-90 

21-Jun-91 

07-Aug-92 

28-Oct-93 

07-NOV-94 

12-Dec-96 

18-May-99 

24-Apr-87 

20-Jul-88 

07-Jul-89 

19-Jun-90 

15-Jul-91 

27-Jul-92 

06-Oct-93 

14-Sep-94 

12-Dec-96 

18-May-99 

14-Apr-87 

03-Jan-89 

20-Apr-90 

08-Apr-91 

27-Apr-92 

16-Feb-93 

17-Jan-95 

19-NOV-96 

24-Jul-98 

2.1-Apr-88 

26-May-89 

20-Jun-90 

24-Juri-91 

Tetrachloroethene 

fg'L 

O.IU 

16.9 

26 

3.9 

O.IU 

O.IU 

O.IU 

O.IU 

5.7 

O.IU 

l U , 

1.2 

5.8 

3 

1.4 

o;iu 
O.IU 

O.IU 

O.IU • 

1.9 

O.IU 

1.2 U 

14.8 

33.8 

33.2 

65.5 

44.1 . 

22.1 

5 

21.9 

45.2 

14.5 

0.5 , 

O.IU 

O.IU 

0.1 U , 

O.IU 

O.IU 

O.IU , . 

0.1 U 

l U 

O.IU 

0.1 U 

O.IU 

O.IU 

Trichloroethene 

fg'L 

O.IU 

1.7 U 

1.7 U 

1.3 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

l U 

32.9 

80.3 

31.6 

59.6 

3.5 

O.IU 

5.8 

3.7 

9.4 

3.9 

20.3 

O.IU 

O.IU 

O.IU 

O.IU 

0.1 U 

O.IU 

0.6 

O.IU 

1.7 U 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

l U 

0.5 

O.IU 

O.IU 

O.IU 

Vinyl Chloride 

fg'L 

O.IU 

1.1 u 

1.1 u 

O.IU 

O.IU 

O.IU 

O.IU 

l U 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

1.1 u 

O.IU 

•O.IU 

O.IU 

O.IU 

O.IU 

1.1 u 

O.IU 

O.IU 

O.IU 

O.IU 

O.IU 

l U 

O.IU 

400377 
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. 

40 

Location 

N-9925 

N-9925 

N-9925 

N-9925 

N-9925 • 

N-9927 

N-9927 

N-9927 

N-9927 
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Rationale for Calculating the Present-Worth Cost 
for 

Alternatives 1. 2 and 3 

Alternative 1 

PV=ACx((1-(1+i%)-")/i%) 

where PV = present value 
AC = annual O&M and monitoring cost ($6,000) . 
i = discount rate (7%) 
n = term (30 years) 

PV= $6,000 X ((1-(1+0.07)-'°)/0.07) = $74,000 

Capital Cost: 0 

Present Value of O&M and Monitoring Cost: $74,000 

Total Present-Worth Cost: $74,000 

Alternative 2 

PV= AC X ((1-(1 +i%)-")/i%) 

where PV = present value 
AC = annual O&M and monitoring cost ($722,000) 
i = discount rate (7%) 
n = term (30 years) 

PV= $722,000 X ((1-(1+0.07)-^°)/0.07) = $9,000,000 

Capital Cost: $4,195,000 

Present Value of O&M and Monitoring Cost: $9,000,000 

Total Present-Worth Cost: $13,200,000 

Alternative 3 

PV=ACx((1-(1+i%)-")/i%) 

where PV = present value 
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AC = annual O&M and monitoring cost ($319,000) 
i = discount rate (7%) 
n = term (12 years) 

PV= $319,000 X ((1-(1+0.07)-^2)/0.07) = $2,500,000 

Capital Cost: $1,260,000 

Present Value of O&M and Monitoring Cost: $2,500,000 

Total Present-Worth Cost: $3,760,000 

Total Present-Worth Cost for Alternative 3 rounded to: $3,800,000 
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Rationale for Calculating the Monitoring Cost for Alternative 1 

Total samples to be collected semianually: 4 

Total samples to be collected annually: 8 

Estimated cost for analyzing 8 samples annually: 8 samples @ a rate of 
$500.00/sample 

8x500.00 = $ 3000.00 

Estimated labor cost for collecting samples in two events: $ 3000.00 

Annual Monitoring cost for Alternative: $ 6000.00 
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